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INTRODUCTION 


Certain gasemaking processes are in use in Europe, particularly in Germany, 
which differ radically from those in common use in America. A number of them 
are of particular interest because they are different. The questions naturally 
arise: Are any.of them applicable to the making of gas in this country and, if 
so, with what particular type of solid fuel? It is a fact that some of them 
were developed with consideration of a particular set of conditions and for the 
utilization of solid fuels available in Germany. The latter fuels, in certain 
characteristics, are unlike the high-rank fuels conmonly used for.making gas in 
the United States; therefore, in attempting to evaluate the various foreign= 
developed processes with regard to usefulness here, one must give attention to 
the particular conditions that will prevail in any specified case and also the 
characteristics and requirements of the process and generator under considera- 
tion, Three of the processes that were developed and put into conmercial 
operation in Germany, and which have some characteristics in common, are con- 
sidered in particular in this publication; they are:- 


1, Lurgi pressure gasification process, 


2, Winkler Broneens 


@ 


3. The Leuna sides neatyes producer-gas process, | 
Ekach of these processes a oe and oxygen as gas~making fluids, 


For a number of year s, oxygen has been used in a relatively pure “state pe 
along with steam, in making gas in Germany, and many of the difficulties initi- 
ally encountered have been overcome. Although it appears that oxygen recovered 
from air was first used in this manner as a method of utilizing a byproduct in 
a plant that used the nitrogen complement in the manufacture of ammonia; more 
recently, the oxygen was made particularly for the purpose,” 


The fuels = brown coal or dignite - uscd in processes 1 and 2 were not 
Suitable for use in the older and commonly used intermittent-type water-gas 
generators, and it was necessary, therefore, to devise a different process for 
gasifying them, A gas of higher heating valuc than produccr gas was desired, 
and the use of oxygen (not air) along with steam made possible the production 
of the desired gas without nitrogen dilution, which charactcrizes producer gas, 


Operating data presented herein are based upon observations by members of 
the Technical Oil iiission at plants in Germany, on records, and on information 
vocally given to members of the iiission, including the author, while visiting 
those plants, and they are believed to be reasonably correct; however, certain 
hasic observations, comparisons, and conclusions arc made by the author, 


ACKNOWLEDGMENTS 
The information relating to the operation of the various processes used in 
Germany and described in this circular is from notes made by the author while 
on an inspection tour of the various plants as a member of the combined Techni- 


cal Oil Mission of the British and United States Governments and by reference 
to the drafts of the following reports: 
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‘Report on Investigations by Fuels and Lubricants Teams at the 
I. G. ‘Farbenindustrie A. G. Works at Leuna, edited by R. Holroyd, 
C. I. O. S. Item 30, File XXXII-107 ; issued @lso as Bureau of Mines 
I. C 


. C, Oe 


. A. &. Sachsteche Werke, Bohlen’ (nea Leipzig), Germany, reported 
by H. Hollings , ¢C. ¥- Hopton, L. L. Newman, W. A. Horne , and EB. 
Spivey,.C. I. QO. S. Item. 30, Pile XXX- 13. 


Report on ee vy , Fuels and Lubricants Teams: at the 
Brabag Works at, Troglitz-Zeitz, edited by J. F. Ellis and Re Je 
Morley, Cig “Fo Ox &. Item 30, File XXXIII-24, : 


The author expresses ‘his ‘thanks and appreciation ‘of tie eptosvatioa of the 
other members of the. teams whd visited the’ various ‘plants in which the Lurgi 
pressure gasification process 2. the Vinkler process, ; dnd the Leuna Slagging-type 
producer-zas process were ‘Investigated. The personnel OF the eae was as 
follows: 


Visitors to the Leuna Plant.’ 


For the British Ministry of Fuél‘and Power{ “H.‘ Hollings, J. F. Ellis, 
H. G. Simpson, G. U. Hopton, R. Holroyd, M. A. G. pene oe A. Howes, A. J. V. 
venient ed ee A. Taylor, and R. J. Morley. 


For ths U.S Petrolewn Administration for War:” “BE. B. ‘peck, P. K. Kuhne, 
H. M. Weir, V. Haensel, E. Cotton, | Le F. Mereener, ae G. phen, H. pope namons 
W. A. Horne, and J.’P. Jones, 


For the, Bureau of Mines: i ‘bot, Hirst, W.W. Odedl, and L. L. Newman. 


Visitors. ‘to the Troglitz-Zéitz Plant, 


For the British Ministry of rust. ena Power!” J . F. Ellis, H. Hollings, 
G. U. Hopton, L. King, and R. J. Morley.‘ i er 


For the U, S. Petroleun ‘Administration for: War: “G. “§. Bays; dr., W. F. 
Faragher, W. A. Horne, J. P. Jones » P. K. Jenne 7 ‘B.L. MacKusick, and H. M. 
Weir. - 


“For the U. S. Foreign Economie Administration: os ‘iB. Peck, 
For the Bureau of Mines: L. L. Hirst ee W. W. Odel2. 
Visitors to the A, G. Sachsigche Werke’ at Bohlen. . 


For the British Ministry of Fuel and Power: H. Hollings, G. U. Hopton, 
H. Bardgett, J. F. Hurley, J. G. iil E. Spivey, and A.J. V. ‘Underwood. 


For the U. S. Petroleum Madi oietration for War: G. S. Bays, Jr., W. A. 
Horne, J.P. Jones, P. K, Kuhne, B. L. MacKusick,. and H. M. Weir. | 


For the Bureau of Mines: L, Ls Hirst, L. L. Newman, and W. W. Odell. 
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_ Acknowledgments are also nade for the suggestions and comments of J. D. 
Doherty, A: C.:Fieldner, W. J. Huff, and W. C. Schroeder, and to James L. 
Elder, who contributed to the production of illustrations for this paper. . 


_ ‘THE LUFGI ee PROCESS 


The Torei pussaure saaipicat ion ‘procesa. is, in effect, a coritinuous -water- 
gas process; it is carried out in.a water - jacketed generator, ususliy under 
pressures ranging from 10 to 20 atmospheres, In the ordinary water-gas process 
employing steam and air as the gas-making fluids, the operation is necessarily 
intermittent or cyclic, because: the heat. required to promote the reaction of 
steam with carbon can not be supplied by. similtaneously blasting: the hot fuel: 
bed with air and steam, because of the resulting dilution of the gas with a 
nitrogen. When oxygen is substituted for air, it is not necessary to alternate 
the gas-making run periods and air-blasting or heating phases of the cycle. and 
‘the, oxygen and ‘steam may be introduced into the fuel bed simultaneously as a 
common stream. . In the ‘latter case, it is necessary to proportion the amounts 
of steam: and oxygen in the stream.so that sufficient heat is supplied. by the 
exothermic reactions of the suet with. One to. ee the eee Poeeeene 
tion reactions. 


Major 3 iReastiona Involved 


It is of interest to note the nature of the major reactions with which 
one is concerned in making gas in the Lurgi generator, Briefly, it may be 
said that the operation comprises promoting the water-gas reactions under 
pressure, which so changes the equilibrium conditions that more or less methane 
is formed, according to the pressure and temperature maintained ‘in the genera- 
tor. The chief chemical reactions involved are a equations (1) to 
(10), as follows: , - | | a: 


Heat of» re) 


B.t.u. on the B.t.u. per 1,000 


a oa. pound-molar cubic feet of 
= eet tons: : — BLE: __ __ary gas made 
(i) C+ Ho0 = CO + We ecacnenden: 75,53) ~~ =~=«@99,910 
(2) C + 2H00 = C0p + Ho.ssceseveaee - > 76,920°- ‘= 67,830: 
(3) CO + HOO m COD + Hosccccecnecoee -. i, 53855 | =. 1, 830° 
(bh) C+ 1/2 00 a COs.crsecseccsveess + 47,570 ~ ° + 125,850' 
C5). Ct. On ee 0O5y aca tceseatedeceaie 4269 ,290 °° §+ 447,855 
(6): °C 4-005 S:CCOsistiesmaeesesears- |= 7h, 150 - - 98,080 
(7) 2CO + Ho = CHy + COpeeecweeeeee + 106,250 + 140,540 
(8) COo + 4H» = CH) + QHQ0...eeeere. + 109, 020 + 288,415 
(9) CO + 3Ho'w CH, + HoOveseieeeeves + 107,635 | + 284750 
10 + 32,105: “+ -BL, 92 


C + OH a5 CH lie Gis 3 va cra aoeibtee essere | 5 
3/ Roactante and products at 600 F., are carbon as-a solid (graphite), 
water as liquid, and the others gaseous. Values used are based — 
.: upon data given by D. D. Wagman, J. E: Kilpatrick, W. J. Taylor, — 
-K. S. Pitzer, and F. D. Rossini in Free Energies; and Equilibrium 
' Constants of Some Reactions Involving 02, Ho, 'Hs0, C, CO, C02, and 
CH): Jour. of Research, National Bureau of Standards, ‘Research 
Paper RP-1634, vol. 34, 1945, pp. 143-161. Heat liberated.is . 
designated by a plus (+) sign. | 
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A little consideration of these reactions will be helpful to a better under- 
standing of the redults:obtained in the operation of the Lurgi generator; 
hence they are presented here but ore eG TeCuEEeS briefly in ‘Somewhat general 
terms. _ 


Equations (1) and (2); the well-known ee er reactions, occur at a 
high rate at temperatures above about 900° C. (1,652° F.), the rate of reaction 
decreasing rapidly as the temperature falls below this Ievel. The use of pres- 
sure in conducting these two-reactions is nét hélpful. In other words, at ea 
given high temperature ordinary water gas.can be made as effectively at. atmos- 
pheric pressure as at higher pressures. Of course, the réaction of equation 
(1) represents the results usually sought in preference to those of equation 
.(2), hence the duration of the: gas-generatinz period of ‘the ordinary water-gas 
cycle is commonly selected, so that only a relatively small amount of the 

latter occurs; as thé teinperature decreases during the gas-meking period, the 
- relative amount of reaction (2). inoreases. A typical water gas made from coke 
by methods in common use -in the United States is shown in column'l of table l. 
Although the heat requirements in promoting reactions (1) and (2) are of the 
same order of magnitude, ‘and the amount of combustible gas made is the same 
-in‘each’case, it is ncted ‘that the mixed gas (CO> + 2H>) produced according to 
reaction (2) is one-third inert carbon dioxide, end that twice as much steam 
is reacted in equation (2) as in equation (1) pee unit volume of combustible 
gas made. 


'.To make the process continuous, it is necessary to supply the heat of 
reaction during the gas-making period. One procedure for doing this is to 
introduce oxygen’ along with the’ steam. The amount of ‘oxygen (Oo) required is 

‘of particuler interest, not only because it is expensive but because its use 
‘alters the composition of the gas made. The exothermic reactions of equations 
+ (4). ana-(5)}, typifying the. oxidation of carbon, show the amounts of heat - 
evolved by its combustion, It would be desirable, in one sense only, if the 
oxygen employed were consumed by reaction (5), because more heat is evolved 
per mol of carton dioxided and less O5 is required per unit of heat enerzy 
evolved. However,.at high temperatures, in the presence of carbon, reaction 
(4) will predominate, or, to be more exact, reaction (6) occurs, whereby the 
carbon dioxide (C05) evolved by reaction (5) combines with additional carbon 
to form carbon monoxide -(CO). At usual: gas-meking temperatures all of these 
reactions, (4), (5), and (6), will ocevr when: Oo is ‘ntrodtuced into an ignited 
fuel bed, and the net result will be the- generation of heat amounting to a 
minimum of 47,570 B.t.u. per molrof carbon ozxidiged by Uo; the heat actually 
generated will be between 47,570: and. 169,290-B.t,u.- Equilibrium conditions 
for the major reactions encountered in-the generation: of water gas are so well 
understood that-for a given. temperature. in- the: fuel bed and sufficient time for 
the water-gas reactions to reach equidibrivm,- the ‘composition of the resulting 
gas mixture can. be computed: accurately. However,. eqnilibrium conditions are 
mt always reached in making: gas nt high rates, and-this fact has important 
bearing not only upon the variation in composition of the ges made but in some 
cases upon the suitability of certain processes and fuels in the manufacture of 
as for particular purposes.” For’ the ‘purpose of economy it is usually desirable 
- make gas by employing high rates of flow of the gas-making fluids in the 
generator, and it is frequently” desirable to maintain moderately, low tempera- 
tures in the fuel bed because of Low softening temperatures of the fuel ash; 
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L C+ H,0 =CO +H, 
.C + 2H20 = CO, + 2Ho 
. CO + H,O = CO, +H, 
.C + %0o = CO 

C + 022COo (not plotted ) 
.G + CO, = 2C0 

2CO + 2Ho = CHa + CO0 

. COe+ 4He =CHg + 2HEO 

. CO + 3H, * CH,+ HO 

10. C + 2Hg= CH, 
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Figure |.-Variation of the logarithm of the equilibrium constant (log ,K) 


with ftemperature for several reactions involving Oo; Ho » HO, 
C (graphite) , CO, COo, and CH,. 
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Figure 3.- Variation with pressure in composition and calorific value of woter 
gas made when steam alone is reacted with carbon at |,632°F. 
(1000°C.), approximations from equilibrium values. 
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Figure 4.-Variation with pressure in composition and calorific value of raw gos made by 
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under these conditions reaction rates in the generator are low, and a state 

of equilibrivm is not attained. It-follows that the reactivity of the fuel 

is an important factor governing the degree of completeness of reactions and — 
the composition of the gas madc,.'A study of the basic gas reactions enumer- 
ated above with reference to these variables is helpful in understanding the 
reasons for certain operations eepecvee, in cae gas by processes described | 


in this publication, 


rire 13/ shows the ieee tae of the seul ibview constants for the 
reactions shown by equations (1) to (10)... Althouzh the rates of reaction are 
not indicated by the curves in this figure, the cffect of changes in tempera- 
ture upon the equilibria are clearly shown, In making ordinary water gas by 
reactions typified by equations (1) and (2), experience has shown that, at the 
average prevsiling hich temperatures the net result is substantially 90 to 92 
percent of (1) and 10 to 8 percent of (2). Perhaps a more accurate statonient 
of fact would be thet the COs formed by. reaction (2) at high temperatures 
reacts with carbon of the fucl bed according to equation (6). The computed 
approximate composition of watcr gas made from carbon at equilibrium is shown 
in figure 2, over an appreciable rane of temperature. Tho formation of CHy 
by reactions shown in equations (7) to (10) occurs to a limited extent only 
at high temperatures, whereas at low temperatures and at atmospheric pressure 
the letter reactions do not proceed at a2 rate usually considered sufficiently 
rapid for commercial application, . Actually, in the low-temperature range of 
figure 2 some CH), is formed, but in actual commercial operations the amount 
formed at atmospheric pressure is less than indicated by the CH), curve, because 
the rete of reaction is normally slow end equilibrium is not approached. 


Effect of Pressure upon the Composition of Gas 


In the instance under particular consideration here, namely the eecauiee 
tion of gas in a Lurgi generator, the temperature of the fuel bed is rather 
low, for reasons which will become evident; hence, one must consider not only 
the nature of the gas thet would be formed when a state of equilibrium is 
reached at the given temperature and pressure, but also the probability of 
approaching such a state when gas is zenerated at recsonably high velocity. 
The chenge in composition due to.the use of O5 with the steam must also be 
considered. Figure 3 shows the computed composition and calorific value of 
gis made when steam alone is reacted with carbon at 1,000° C, (1,832° F.) at 
different pressures; the values plotted are not cbsolute but are believed to 
be accurate enough to indicate the effects of chenge in pressure at the given 
temperature. It is. obvious from the letter figure thet cs the pressure is 
increased reactions such as those shown, particularly in equations (7) and (10), 
occur increasingly; pressure favors these reactions. The total amount of CH), 
present, even at 20 atmospheres pressure and at the given temperature, is not 
large, Figure 4 is a plot showin; variati ons in compos. ton and colorific 


3/ Wagman, Donald D., Kilpatrick, John © &., Taylor, William J., Pitzer, Kenneth 
S., and Rossini, Frederick D., Heats, Free Energies, and Equilibrium 
Constants of Some Reactions Involving 05, Ho, Ho0, C, CO, C05, and CHy: 
Research Paper RP-1634, Journnl of Research, Notional Bureau of Standards, 


vol, 34, February 1945, PP, 143-161, 


1768 | 7s 


Google 


I.C. 7425 


value of raw gas with change in pressure at 1 340° F., “employ ing O> and steam 
as gas-making fluids; the plot is based upon theoretical values established 
‘by the German engineer Otto Hubmann. The temperature chosen for mking this 
- plot was lower than thet used in figure 5, and, therefore, the conditions are 
more favorable for the formation of CH), when chemical equilibria are reached. 
In actual operation, one would expect the amount of methane. formed to be lower 
than that shown in figure 4, and euch was found to be the case. The hot zone 
or region of the fuel bed in which the combustion reactions of Op with the 
. fuel are initiated and consummated is ‘thinner in the Lurgi process than in 
ordinary practice making water gas. Furthermore, employing coals of low ash- 
softening temperatures and maintaining a maximum temperature in the fuel bed 
lower than ‘the ash-softening point, there is a large volume of relatively low- 
temperature fuel through which the gas passes ‘in the generator. Under these 
conditions one would expect to produce a gas containing less CO, more COo, and 
' somewhat more Ho than shown in the gas compositions in figure 4. Results 
obtained in practice are in accordance with expectations. . | 


Referring again to equations (7) to (10), it will be noted that they are 
not only favored by increase in pressure but they are exothermic; hence, as 
the pressure is increased and these reactions occur increasingly, more heat is 
liberated ‘in the fuel bed by them, and accordingly less Oo la required in 
‘making gas. In considering equations (1) and (7) collectively, one might 
express the result by equation (11) as follows: 


(lz) 20 + Ho = Cy +C0p - 4h 820 B.t.u. 


In this reaction, 2 mols of gas are formed with the absorption of only 44,820 
B.t.u., whereas in equation (1) 75,535 B.-t.u. are required in producing the 
same volume of gas. However, twice as much carbon and steam are required to 
satisfy equatior’ (11) eas equation (1), but the gas made. in (11) - is 57 percent 
higher in heating value. In equetion (11) excess steam, high pressure, and 

relatively low temperatures are favorable for CH), formation, whereas at high 
temperatures the reaction does not occur, but instead, OF and COs combine to 
form CO and Ho. | . 


Actual operating acted / indicating how the composition and calorific 
value of the raw gas, ‘made by gasifying reactive coal with: O5 and steam, varies 
with change in pressure are shown graphically in figure 5. The analyses used 
in plotting the latter figure were corrected for small amounts of No initially 
associated with the 0c used.. The fuel used in making the gas was small (3/32- 
to 7/32- inch) and comprised broken. pieces of briquetted, partly dried brown 
‘coal containing 20 to 25 percent moisture. The figure shows that. the CH, 
content of the gas increases rapidly with increase: in pressure up to about 10 
atmospheres, but from 10 to 20 atmospheres the rate of increase diminishes 
with increasing pressure. In other words, as the COo and CH), increase, con-, 
ditions are not so-favorable for the formation of more CH). “The calorific 
value of the raw gas likewise increases with pressure. : . 


ry, Hubmann, O., Metallges: Periodic Reve No. 8, 1934, pp. 9-15. 
5/ Danulat, F., Mitt. Metallges, No. 13; 1938, pp. 1h-22. — 
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Figure 5,- Variation with pressure in composition and calorific value of raw ges 
es made in practice from brown coal, employing oxygen and steam 
es gas-making tluids. 
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Galorific value of dry, raw gas, B.t.u. per cubic foot at 60°F. and 30" Hg 
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FIGURE 6,— DIAGRAM OF A LURG! HIGH-PRESSURE GENERATOR. 
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In figure 6 is shown a sectional view, somewhat Segraitatié, ‘or: nga 
high-pressure gas generator and connections. ‘The coal‘hopper, A; supplies 
coal to the generator, B, from which the agh is discharged beneath rotating 
grate I into ash reservoir C. Oxygen and steam aré supplied through’ the con- 
duits. indicated to the hollow shaft, from which the’ mixture enters the genera- 
“tor from beneath the grate. The whole generator “Is watcr- jacketed, Reta ae 
“some stcam is generated and used as shown; the éteam drum is. designatiod pe 
. “The gas offtake, E, connects directly with a spray-cooler, wherein® the gab: 

discharged from the generator is immediately cbntacted by a water: wpray and 
cooled; the heavy ter condenses and is removed from the gas stream in this: - 
cooler, and the gas passes on to the regular scrubbing and purifying units. 
Only a portion of the gencrator is lined with refractory oe Pane» 
that at and above the hcttest Portion of the fuol bed. © | 


The gonérator is 16.40 feet hi igh and has an external Mawsves of — 84 
fect and an internal diametér ‘of 8.86 feet. The width of the annvlar’ space 
varies, as shown, from approximatcly 4.7 to 5.9 inches. Tho linihg extends- 
from substantially the top of the cylindrical portion of the generator down 
to within 34.25 feet of the gratc. The fire bricks used for this purpose: have 
been in service 4 years without replacement, Although the water jacket is 
connectod with steam drum D of figure 6, the actual amount of stcam generated 
is very small, being loss than 132 pounds por hour in regular operation. This 
steam is conducted, as generated, directly to the gas offtake, so that the - 
pressure inside the generator is the samc as that within the MenOe jacket. 


Tho coal hoppor, A, of figure 6 comprises a chamber approximately 9.8 
feet high and 5.2 foct in diameter made of boiler stecl. It has two valves, 
the upper onc communicating with an overhcad fucl bunker of 65 tons capacity 
and the lower one connecting the hopper with the generator; these valves are 
manually operated. Tho procodure for charging the hoppcr is as follows:. Thc 
bottom hopper valve is closed, and the gas in the hopper is blown undocr its. 
own pressure into a special holdcr providcd for the purpeso end is subsequently 
used as fucl for superhcating the gas-making stcam. The uppcr valve is now 
opened (lowered); this opcrdtion permits a‘cylindcr supportod by the valve to 
be lowered to an oxtent controlled by specially provided lugs, allowing the 
coal to flow through the cylindor from the bunker into tho hopper. The upper 
valve is closed when the hopper is full. Whon the lattor valve is raised, it 
makes contact with the movable cylindor, thus shutting off tho supply of coal 
and leaving ‘the valve clean. Gas is now lct into the hopper from the genera- 
tor, and subscquently the bottom hopper-valve is opened. It takes 5 to 6 
minutes tc chargo a hopper, which is done about twicc an hour, The total 
anount of gas blown to the holder from the hopper is 7 percent one the total 
gas made; it is not included in the reported volume of “make gas." Ventilating 
fans with conduits are provided to remove any gas escaping from the. coal- 
charging valves. The coal bunkers are continuously purged with inert gas - 
nitrogen in this case - bécause the fuel used was oes reactive. and was 
transported at 4 temperature of 80° C | 


The top valve of the hopper, made of special alloy steel, seats against 
a rubber ring gasket which fits dovetailed into the top of the flange of the 
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hopper. The normal life of this ring is about 4 months, The bottom valve of 
_ the hopper has a, removable, conical, hard-steel insert, which oontdcts a 
chrane alloy-steel,; , Sharp-edged seat, which is renewed oS The free open- 
ing Of Doth valves is..10 inches. _ 


K. shield or . skirt is provided in: the ieeneratee benoit the coal inlet for 
the’ Purpose of. maintaining a free. gas space above the fuel bed and supporting 
scrapers for removal of pitch and carbon fram.the upper wall of. the generator. 
These scrapers are operated once every 1: -to 2-hours for a period of 5 minutes. 
Inside. of the skirt a-conical ring is suspended, beneath which is a doubdle cone 
for the. dovole purpose, of avoiding, poe een of the fuel ean equalizing the 
pressyre. across the fuel ved. 

“hn easentiel ae in eopeee aa the rer is to prepare - ais fuel » namely, 
crush, scrven, and separate the dust and coarse particles from the desired 
sizes. Using the lignitic-type coal (Braunkohle) in Germany, — preferred 
sizos supplied to the gencrator are within the chosen limits, 0.l2- to 0.39- 
inch... Tho coal as mined contains about 50 percent of water; a portion only of 
this water ig eliminated by.a drying operation before it is charged.-. It has 
been found, desirable to leuve 20 to 25 percent of moisture in i prepared 
fuel; it. is fed ‘to the. eet eeueee oppor = this pues 
Gasification is eibetantieiiy pus anele in the Tae gone: ‘ators, The 
time. interval between charging the coal hoppors,: which 1s, of course, dependent 
on their size, was approximately 20 minutcs with the old gencrators at Bohlen, 
but with the new oncs now in he eae there me yee ne interval is BPDrOxs: 
mately 40 minutes,. | 

. “The grate is: slightly domed ana sanpeises three sections, in cach of which 
is fitted. a detachable portion that incorporates a plough arranged to direct 
the ash,- which passes over the: grate into a cylindrical space beneath the grate. 
A vertical vane, which js attached to the gratc shaft, scrapes the ash into an 
offtake, leading. to the ash reservoir.: The diameter of the grate is 5 feet 35 
inches; the middle of the grate, on the top side, is 6 inches above the portim 
adjacent the gonerator wall. . The grato sections are alloy steol (25 percent 
chromium) and are suid to have oa life of 4 years.. The drive shaft of the grate 
is hollow to provide means for: introducing a mixture of superheated steam and 
Op into the fuel bed. .-The grate is clectrically driven by a 4.5-kw. motor. 
connected with speed-control. gearing and ratchet mcchanism. The grate and 
driving mechanism aro supported by the generator shell. The shaft is packed 
a peter erence packing rings vet provision for eens ceuscs 


A bed of panes is maintained in the gonerator to a.cansiderable depth to 
protect the grate frtm rapid :dcterioration. Upm leaving the generator, the 
ash.passes into the. ash rescrvoir shown at C of figure 6, through a valve sini- 
lar to the pottam valve of the.coal. hopper, except that its diameter is 1 foot 
instead of 10 inches. The ash reservoir is 9 feet 10 inches High and 4 feet 3 
inches in diemeter; its capacity is 12k cubic fcet. The bottom of ‘the reservoir 
is closed by a disk clampod by four swing bolts; uw thin Klingerite packing rine 
set: in. the disk forms thc.actual joint and it is renewed after three discharges 
of, ash. This reservoir is steam-jackoted, in part, 'to prevent condensation 
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during cooling of the ash. The ash is dlacharged through a sieve into 4 water 
sluice approximately every 2 hours. When the pressure is released on the 
reservoir, prior to removing the ash, the oxygen and steam released pass into 
the atmosphere; whereas, after closing the reservoir the. pressure is built up 
to working’ level by introducing live stean, | 


Apparently there have been no difficulties with clinker formation except 
during periods of irregular or abnormal operations; the ash as discharged is 
usually in fine granular condition. Clearly it is necessary that the tempera- 
ture throughout the hot zone be lower than the ash-softening temperature at all 
times in order to avoid clinker troubles; this means that. the temperatures mst 
be carefully watched and controlled by proper adjustment of the relative 
amounts of steam and Op admitted to the. generator: | 4 


The grate is rotated at a rate adapted to prevent excessive accumulation 
of ash, the speed being adjusted in accordance with the ash content of the fuel 
used and ‘the rate of making gas. The usval speed is 1/2 to 2 revolutions per 
hour. _ The ash discharged contains 5 to 7 percent of carbon. 


Using a fuel such as partly éried brown coal, containing 20 to 25 percent 
of watcr, the tomperature of the gas loaving the generator ia approximately 
300° C. The gas contains ter and dust, which in the early stages of develop- 
ment of this process were troublesome. Various scrubbing methods were employed 
experimentally. The most satisfactory method thus far developed for solving 
these difficulties is the partial cooling of the gas by direct contact with 
water immediately after it leaves the generator and similtaneous promotion of 
rapid change in direction of flow of the gas stream; the means of a ar 
this are showri at F in figure 6. Dee | . 


The tar is discharged ‘from the lattcr ecrubbing device through @ separate 
drain, and the excess water 1s recirculated through a heat-exchange cooler back 
to the scrubber. The gas enters tho oe nee at about 300° C.. under 20 atmos- 
phcres pressure and leaves: at-about. 150° €::- Subsequently ,° » the gas passes ~ 
through tubular coolcrs, wherein it is fartier cooled’ to 100° 'C., and then — 
through baffle-type tar separators. Finally, after further cooling the gas, 
the condensed light oils are removed and the gas is oil-scrubbed for recovery 
of benzole. | | or 


oe e- # @ 


The treatment of water gas for removal and recovery of tar and oil is not 
common practice in the United States for two reasona,-.(1) fuels that evolve 
tar and ofl during the process are pot commonly used, and (2) the temperature 
produced do not warrant their recovery. This statement does not apply to 
carbureted water gas or to gas made for special uses when it is necessary to 
remove en byproducts. a 
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packed with Raschig rings. The water n which is recirculated, is first delivered 
at high pressure to the scrubbing towers and then, after absorbing COs and HoS, 
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it is expanded to atmospheric pressure through turbines similar to the Pelton 
wheels commonly used in this country for the same purpose. Subsequently the 
water from these scrubber towers is passed down through another series of four 
towers, which are packed with wooden grids while’air is blown upwardly through 
the latter towers; this treatment removes the remaining HoS from the water, 
conditioning it for recirculation. The air from the latter towers, laden with 
HoS, is passed to the bottom of the powerhouse climoys, where the HS reacts 
with SOs in the stack gas, forming sulfur, which is carried along in the stack 
gas and discharged into the atmosphere. ‘After washing, :‘the gas: passes to Lux 
purificrs. These consist of two parallel sets of ‘four boxes each, three of 
which are used while one is being recharged with oxide. ‘The working life. of a 
charge is approximately 4 weeks.’ The boxes are cylindrical, approximately 5 
feet in diamcter and 26 feet high; each contains 5 double trays with layers of 
oxide 16 to 18 inches deep, whereby the gas flows in parallel through the 10 
layers in each box. Tho three boxes in use on each stream are worked in scrics. 
The gas cntering the boxes contains 10 to 30 grams of HoS per 100 cubic meters, 
which is equivalent to 4.1 to 12.3 grains per 100 cubic feet, and on leaving 
the boxcs it contains 0.1 gram por 100 cubic metors, equivalent to 0.04 grain 
por 100 cubic fect. The amount of Lux purifying material used per annum was 
approximately 33 short tons. The total pressure loss in treating and purifying 
the gas was approximately one atmosphere. 


Stoam is supplied $eeaa ths adjacent power station and is superheated to 
500° C. by moans of waste gas from tho charging hoppor and from the or 
plant before it enters the Benereters: 


Oxygen is supplied from a-Linde-Frankl plant on the premises. The latter 
plant comprises four units, two of which heave a capacity of 37,000 cubic feet 
per hour and two 74,000 cubic feet per hour of free-oxygen measured aa: dry gas 
at 60° F, and 30 inches mercury pressure. The oxygen used is approximately 9. 
percent pure 02 and is supplied to the gconerators under pressure of 23 atmos- 
pheros at ko? CG. The power capacity of the oxygen plant 1s 4,600. kilowatts. 


Some operating g osults miking gas = ae Lures pressure gonerator at Bohlen 


Kind cf coal Guba. tise seceececerceen pioces of partly ariod and bri-. 
quettod braunkohle and partly dried braunkohls. : 

Size of CoOl used... cccosccccncccacveccoercssccectiMe 3 to 10 

(about 1/8- to (3/8-inch) 

(Not more than 5 percent undcr 3 mm. and not more = - 
than 10 percent above 10 m.) 7 

Purity of On Usod....sccccccceccsccccnccesesspercont "gD 
(Results are reported on the basis of quantity. of 
equivalent pure Op used.) 

Composition of coal: | e PRES ae 

Moisture..ccccccccccsceseceesspercont by weight. 18 to 22 


Volatile and fixed carbon... cccsccccsccccce sOe Rie to 7h 
PSN bie aces bua Heed Os ee Wie ve bebe beh esses eos 8.0 . 
Total BULEUL os ee cee decceccsececcccsccsesee ody | 2.8 
Divided: Sulfur in ash..percent by weight -J.2 - 
: ‘Combustible sulfur....ccccee oO. | 1.6 ; 
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Calorific value of the coal (high value)...B.t.u. per lb. 7,820 to 8,450 
Speed of rotation of grate...........revolutions per hour 1/2 to e 
Purified gas made month of January...cccscosccceeesCUeft, 460,015,200 
(measured. at 60° F., 30 inches mercury pressure, dry) 
Purified Bag made per dAY.....cceseccccvecccccceresCUer te 14,839,000 
(measured at 60° F., 20 inches: mercury pressure, dry ) ; 


Purified gas made per generator, . per ‘hour, méan....cu. rt. . 69,280 
‘Rated capacity of. generator’ per how..w+.-Cu.ft., dry gas + * 141,600 
“Total coal used per, Month. fs. eveeedeeceU.-S. short tons °° 21,560 
Total coal uged per Gd. sii sci eedoreeseopecsscencesedOs 8 -. 695 
_ Coal used per. 1,000 cubic¢’ feet: of. purified CASeccieees lbs «=~ 93.6 
Oxygen used, per. day (meabured: at. 60°. Fs ,. 30. inches Boe a 
Mercury. ». BLY wsesaee neces os se os seeisee beeaea ou. fos 2,158,700 
Oxygén used per 1,000 cubic feet of purified gas mide °° 
(measured at €0° ¥,, 30 inches mereury,. GIy) oo ve vee AD. | Uh6 
' (Oxygen is.given as pure Os} “actuelly;- somewhat larger. : | 
_ amounts of 95 percent Oj'were-used).., || ax 
_ Steam used, -per MONTH. .secccccccccavcceelle S. short ‘tons . -20,001 
Steam uscd, per GAY. cece eescceddvencscnenececeeseee sed, 645.2 
Steam used, per 1,000 cubic fect of purified gas made, to ee 
HEGRE CON aalnadan aecnete sab euonsa ts ae idea aouact a taae 1D 87 
Steam used, total per 1,000 cubic feet of purifivd pas 
BAS trish oie asics ocr clote cinta eer uaio al tose neue ee ub, 9 
Power congumption, per 1,000 cubic feet of purified-gas ..| 
MEAG wsansusdaciedoscaicun lowiameneeey max censassgaekecein. T. 36 


| Water used, per 1,000 cubic feet of purified gas.U. 5. gal. 


Average gas composition (January ee 
Crude Purified 


| | ou ‘ gas: ges: 

1605, aascdeeseda nace oacetewtnnieete ane dy. volving” 32.1 9.1 
HOS -inieisinsisie's oid wie tein sw uweln het cues naedeseeeayeessinandOn 1.6 0.0 
TI Mum nent eis does sek oucieees Goes satesdsaueasseuedOs 7007 0.6 
OnecccccrccsccercrensccnscesscsvascsssvssscvescseedO, 062 0.2 
CO  eeduibecssdeh teweasdece aes see useebeneseeeesaesde. les. 16.7 
SOE ha. sect anh ayo torches ate Sve tama amauta. 37.5 ee Po) 
eo. 14.5 20.0 
ME eal ee o eiieee eee ain cinnieiee vinauianeRa ete seidisiew eee. no 1.1 
ee . 100.0 100.0 


Salorific valuc (high value): 
Basis dry gas at 60° F., 30 inches mercury pressure 
stecceeereececeeneessrscsesecesser Be t.u. peor cu.ft. 431.1 438.0 
Basis saturated gas at 60° F., 30 inches mercury . 
PrOgSUNG 4 4.055508 see ee iivavidaieud tases wees eweseseeesaOn 50-5 430.4 
Baeis calorimoter test (calculated to dry gas at 0° ) | 
C. and 760 BM. )eseeeesesvereceeerersesneeeesenssdOn : 2/32 
Specific gravity (air = 1.0) 0.753 °° 0.499 
a} The cdlcrific value of the gas usually made at this plant is said 
to be about 5 percent higher than the above values, and the rcason 
given was “bombing intcorfercd With plant operations." 
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Purified gas made per square foot: of: saieeiene pas area (area . 
internal horizontal section), dry gas. SSIS senha en OU: ft. per hr. 1,450 
Purified gas yield per 2,000 pounds of coals _.. 
Saturated at 60° F, and 30 inches. mercury preseure...i.- Cu. ft. 21,750 
Dry gas at 60° F. and 30 inches mercury PFESBULE see ece eee ee edd. 21, 370 
Tar yield per short ton of COBLecocoecccorsgennssvcserecscevereelDe 112.2 
Tar yield per short ton Of ‘Coal.cssccccccepprocesseesereUe Se Gal. 14.0 
Tar yield per 1,000 cubic feet of purified gas dry. basis.......do. 0.655 
Benzine (light 041) yield per short ton: OF COAL. ceseccecccnceeld. 48.4 
Benzine (light oil) yield’per short ton of coal..s..-s+U. 5S. gal. . 6.9 
Benzine (light oil) yield per 1,000 cubic feet of. purified gas, . 
ary DESL reeeeveeveesnecnreresensnennnieetedeneenseneer nes eeeGAly, — 0.323 
Although the saneeacoue were operated. ab a mean hourly production of 1,450 
cubic feet of gas per hour per square. foot of. equivalent. grate area, the rated 
capacity is said to be 1,812 cubic feet per hour», i. eae 
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the charging hopper, ash reservoir, fcntneh eran tes mechanisn,. and carbon scrapera 
Although each generator is said to have. a. rated chpacity of. 111,600 cubic feet 
of purified gas per hour, they are actually producing. 9h, “500 cubic feet per 
hour when operating at apparent capacity. It is also noted that thus far a 
generator could be operated. 250 consecutive days, which included "time out" far 
30 miscellaneous, shut -downs kere 90 pune: The ee Lost: for major , 
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The values used in making this conparissn. | are not the. possible maximum but 
represent results attainable in good gas-works practice. . The table shows that .. 
on the therm basis the Lurgi process, making gas. at 20 atmospheres pressure, is 
comparable, as to daily capacity, with a standard water-gas generator of the 
seme inside diameter. The capacities given in columns (5) and .(2) -of ‘the table 
are not strictly comparable, because in a carbureted ‘water -gas ‘sét not all. the 
gas is made in the generator, However, because one of the unique. features of 
the Lurgi process is the possibility of producing city gas without: the use of 
oil for enrichment, it is interesting to make the comparison. - ‘In the carbureted 
gas shown in column (2), approximately 3.3 gallons of gas oil: are ‘consumed in 
the carbureting step per 1,000 cubic feet of finished gas, and in making a 
carbureted water gas of 4B3 B.t.u. per cubic foot, the oil required would be 2.2 
gallons. Thus, the possibility exists of reducing the enricher-oil requirements 


by the latter amount in making city gas, 
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TABLE 1. - Composition of water gas and apres presses gas and the com- 
| parative production capacity®/ of the respective generators 
= ad .., |! .Lurgi high-pressure gas 
Le Ae tary Soe (20. atmospheres pressure) 

) od : ' Purified 

| | Ordinary |Carbureted| ne © gas at 
water gas| water gas! ‘Puri- Purified} rated 
|: Coke | }.coke || Raw | fied: gas, ‘generator 


fuel - | gas. gas COo-free' capacity 


Therms per square foot | Rims 
of equivalent grate area’ 6.96 . 96. LS. ne abs 73. 6.73.1. 
a/ The above. capacities .are based. upon results. strainebie with generators 
having an intcrnal diameter of approximately 9.feet; that of the Lurgi 
generator is 8.&5 feet. 

b/ B.t.u. per cubic foot, high value 60° F.; 30 inches Hg. 

Note-Since: the initial preparation of: this publication, Dr. Hubmann has advised 
.the Bureau of Mines that itis. his recollecticn that results of tests made 
at Brix (Most), Czechoslovakia, indicated a much higher production .per 
hour per square foot. of rari cs grate area. RED SOS ce 93 therms: pee 
in colum 6 ahove.:.:-. | 1 HE EE re ya | 


Percent: at ate gh a nA - 2 3 ’ 
C05. PBs cascseesh SS: cf. RR ee DRLT* SL POLO | 9.1 
Tlluminants..........! 22 le 3OZ0; ° ah De \ ees. 
oe or } ar ee ar ee <2) 2 fm 
COs caneaneaseneuy peat, Ost 32.0 13: 1c T AG 2, 26VE 
Bos ns tttbeeesreeers! 50.0 | 35.0 Bt. Sexe. BID.) M5265 
CHheseesecesreeeesenel 8 § 14.8 14.5: 20.0- 22.0 | 20.0 
OEE ere ree AN EC |e Sel MEE 1 TE ro ES OE ORME see nw | 

I60.0 | 100-0 100.0 100.0: 100.0 - -100.0 

Bet. Ws b/ dry gas..... ve S05. °F B7Y Va eeeee “hee 483 438 

Mean hourly capacit tye/: SY i | 

Cubic feet per square | : 7 
foot of equivalent grate! | gepete’ Adis Sete ae... | 
ROU Ss sete verececsece!' 2,290. «ij. .2 Sidhe Wi 100 1,532 1,392 | 1,810 
| 
} 


At first it may seem incensistent.that the .gas-making capacity of the 
Lurgi generator, making gas ‘continuously as described, is not appreciably 
greater than that of a modern water-gas set; the elimination of the cyclic 
system common to:water-gas practice and the'use of pressure both favor the 
Lurgi process. The use of fine coal, the high moisture content of the coal 
heretofore used, and the thinness of the hot zone.(reaction zone of the fuel 
bed), all tend to influence capacity adversely. The rate at which the gas 
reactions occur at ths relatively .icw temperatures that-:usually prevail in most 
of the fuel bed (below-1,800° F.) in: the Lurgi process are not compatible with 
high rates of: flow through. the fuel bed, If higher temperatures are employed, 
conditions are less favorable for the- S aicat cise of ee and more O5 is required 
per 1,000 cubic feet: of. gas mes : 
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Braunkohle Used in Germany 


"-In certain sections of Germany,-a technique. for making: gas has developed 
that.is radically different. from.that employed in this country, largely for 
_two reasons, viz., (a@) the coals available are moch like lignite and therefore 
are ill-suited for use in: the ordinary water-gas generator; and (b) the lack 
of ample. supply of. petroleum makes it highly desirable that the oil and tar 
content of their coal be recovered, either ber ore its use in making gas or in 
the gasification steps. 


’ Jt was necessary to use a peal “inttiariy sentaining up to 50 percent of 
moisture, which does not form coke but which slacks upon being heated. Advan- 
tage was taken cf the preperty which the low-grade lignitic fuels have of 
being more reactive than the higher-grade coals. Thua,. the Lurg! process was 
developed to use @ particular fuel under a prescribed set of conditions. A 
representative pompanttioe of the German Braunkohle. a coal). is as follows: 


rr a | ) Partly . eo. 
: Be he at As. mined...dried .. Dry 
, - Moisture. [ on ) e @ e e ¢ bap ee ° e a e ° 28 hd +4 @ ee . bd ae ©. _percent. - 7 8 ip ge 0. e . 10,0 a 8 86 0.0 
“Volatile mattcr) . . = 
: Fixed carbon. 5 va oee is eeeeeseseenvoeenawnv oer? tees eo do. . he. 1 — 79. O 87.8 


AON 16.56% 2se Gt ee ee ewes ea eeeen ees eeeeeesaOs- + 229 11.0 12.2 
100;0 . 100.0 100.0 

Calorific value........e.++++Bet.u. por lb. -5,120 -9,600 10,660 

" Agh-softening tomper€ture..ceccepecvecess .0ee++1832..to. .2012...° 


Total sulfur....cccccccccccccccseeeepercent £1.&1 3.4.: 3.78. 
Combustible sulfur,....cscccscscccsceeseGO, = 1,06. | 2,.0°5°2.22 — 
Sulfur in Ash.ecsiscccdeccccccccsccessceGOs § 7° OL 1456 
Tar (by Fischer assay)...sseccccccscceeedO, .. 6, 93 13. ) Lh dh 


To recover as mich tar and oil &s possible in gasifying the. shove: it 
- was found to be dcsirable to remove the gas from the fuel bed at a relatively 
‘low tomperature (approximately 300° C.), and this can best be accomplished 
when the fuel charged’ into the generator contains an appreciable amount of 
moisture. Ccal containing 18:to 25 percent of moisture is preferred to dry 
coal when gasification is carried on in the Lurgi generator. — 


Other Reported. Data on' aes Lurgt aoe rekins Process 


Although other lings’ of re seaeeh were “directed to high- apes ee gasi- 
fication of coal, even to the slagging-type producer, the Lurgi process was 
developed along @ differcnt line, i.v., gasification at relatively low .tem- 
peratures was of most concern. The. diffitultics experienced in the early 
stages of expériments.to make gas with oxygen were largcoly duc to excessively 
high temperatures and resultant clinker troubles. It was evident that the 
amount ‘of oxygen used per unit volume of gas made must be reduced to a minimum, 
even though it was énticipated that the cost of oxygen would be lowered in due 
time. Furthermore, the low ash-softcning temperature of the available coals 
also dictated operations should be conducted-at low temperatures... Two other 
important factors appear to have been uppcrmost in the minds of those respon- 
sible for the development of the Lurgi process, namely, the conservation and 
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production of oil. In that process, not only were oil and tar recovered, but 
when operating at about 20 atmospheres pressure.the methane formed was suffi- 
cient so that the purified-gas could be used as city gas without enrichment. 
Still another important:-factor:is the difference in volumetric ratio of Ho to 
CO in the gas made at low temperatures; the latter ‘temperatures favor a higher 
H, to CO ratio and the ‘production of more COo. A gas with a high Ha to CO 
ratio is desirable for the synthesis of certain as a suena aaa 


Experiments with brown coal containing 18 percent of atte tune: using 110 
cubic feet of Oo per 1,000 cubic feet of dry, crude gas made; gave results 


reported as follows: ee 


Gasification at moderate ressure: beiee 10 atmospheres. of. a. Visnitiec coal of 
low tar contents: © EE ene Re AT a i meee artes See eae 


s f 
Go's ecateenanee- ne ana er sueueminan anette spercent. 25.0 0.0 
COs ssaisa) 6b Wie G64 Gb OS Oe We OWI Oe OS Hie S:4is We SSS Se Bae hs GOs. 16.0 CA.2 
CPetEer rer errr ere eee eee ee ee ee ee er eee eee er meee 69.4 
CH ii 6.60 WEVA As WOON EA TNT AN He WOES R TARA eEONESEOS 5.560 4.2 
Rep eiee Deisgnnen see steseomcss veeises@e oars yates 3:0 4.2 
er 100.0 100.0 

05 used per 1,000 cubic feet ‘OF: gas inde, sconce ft. 110 153 


B.t.u. per cubic foot of dry gas at 60° F., and 30 

inches of He., CALCULATED. syeeeeserveevecesseerereenin ekh 5 340.0 
B.t.u. per cubic foot of saturated gas at 60° F., and 

30: ‘inches: of Hg. calculated .9:3.040e00% ee ened nyse dee dee CrOve 334.0 


It was estimated that the oxygen, costing 2 Pf. per cubic meter (22.6 
cents per 1,000 cubic feet), increased the cost of the COo-free gas by 3.3 
cents per 1,000 cubic feet. 


The influence of pressure on the composition of gas made in a Lurgi zen- 
erator has been discussed, but the data of table 2 are presented to show the 


compositions of gases, raw and COo-free, made at low temperatures when cquili- 
brium conditions prevail. 
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TABLE 2. - Gasification of carbon at different pressures at 1,340° F. 
| aa Le values). | 


GOGIL TINE DPORSGUlIss 4085 4 5454s R bs ceweeeeneaess Stas TIT StRSETEO atmos. 
Composition of raw gas, volume percent: 
75s Gy ' 31.8 
20.2 
30.4 25.8. 
22.2 


CO eoeenreensenveeeeneenenweenwneenvneeeneaeee*#eesweanwspeoewn@*#~wesmeeeaeneneew#ne 1 
COsereesesereeserecsesacecsececseseseesetes 4 

eeereneovrenereseeeewresneeew eee eseene eee eaeeneeeeeeeee be 
of 2 


ere recerseccerecrecrcecereeerersesencees 


Composition of COo-free gas, volume percent: 
COnerecccccces Terr revere re Cree ere eer 
Fo bietbenescrecane cities WOES ORE ARES 
Hocecccccccccccecesvecs Torvervrre err Tree eT ee 
CHhecccccvvccccsevecsevcccccsccosevedsoende 
High calorific value of the ary raw gas 5 ie 
Oo fa vaeteasas cise kee kaseubetulls DON Guts, 
High calorific value of the ax COo-frée gas 
at GO? Fs. weed Fin iG EGO D RTS SELLA RERUNS 
Oo used per 1.,000 cubic feet of dry ee 
i ae ia a8 ines ere ree 22 Cutt. 


Actual tests made on a moderate scale for | @ number of different fuels 
gave results as shown in table 3: 
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TABLE 3. - Results obtained in a small generator with an internal sectional 
-arce: of: appa a e. poet and | 


SR RE SE OS RR eng a a ek eer Ne ecg 


“Geni -coke Anthracite Brown -onl Brown 

Fuel se eee a Saxony) 4/ coale/ 

TeSt NUMDEL. o6 5 sews oce'ete's let ee ete e os ait ates meer oss : 

Absolute presstre........atmosphereg -- . 

Fuel charged per square: foot sec~ | -- 
tional’ area per hour. . .'ss's'ee Ld 

Raw gas compositiom::-: «© ----- ; 


COp . BoSeecesveeeeeesPercen 38.2 | 32.1 
Re acne dO. 9 4 
re ee ee et re rs rr rr .do. pat ec 
oe 10.9 | 15.5 
Hes cra cce enemas eead calle: 37.2 | 39.0 
CHys ers eeeere eevee wns «dO, 12.7 | 12.8 
BO _100.0 
Scrubbed gas composition: : [- TO 

COp  HpS.'... esses Percent =e 3.0] © 3.0: 3.0} 3.0 | 3.0 
Tid wminant’s< secu oes edo OAS Oa te ge 1.3 6 
Oeil cc harden esardod «4a 23 a > gl. ge 3 
CO. viccecececcerscecseceeso.] 27.3) 25.6{  2k.5 j2ke5| a7b | 22. 
Honabaiprcadt iene cess oe eu) 6019/7 90-9) 4% Ol. 727516) Save. 55.7 
CHyeeeeee sere erence eee ee BO of 2% EELS - 17.3: $19.5} 19.9 | 18.3 
= - 4 “I00.0. 100.0{100.0 | 100.0 

Calculated heating value of the ee re | q | ) 

scrubbed dry gas, 60° F., 30 || °° i pic ee ' | 
inches He., ....B.t.u. per cu.ft.| 336! 457° °° Yha -! 4611473 =: 450 


a/ Results according to the German engineer, Otto Hubmann. 
b/ Tests 1 and © were made with "Grudekoks," which is carbonized brown coal. 
c/ Test 3 was made with a noncoking coal of higher Yank ‘than brown coal. 
a/ Tests 4 and 5 employed Saxony brown coal. eee 
e/ Test 6 wes with German brown coal. 

These teste indicated that using a dust-free ‘coal, ‘size 0.12- to 0.31- 
inch, moderately high gas-making rates could be obtained ‘at 20 or more atmos- 
pheres ‘pressure, and that the drop in pressure through the fuel bed wes not 
high, being of the order of 2 inches of water with a bed 9 feet deep. 


Results obtained under test conditions on the small generator having an 
internal diameter of approximately 4 ‘feet, which are said to be | ‘average 
results", are a8 follows: 


Fuel used, dried and screened brown coal. 

Distillation (cerbqnization) yields: 
DEM gigi sais Wie tale borage woe oats Caw we ane eee wees .weight percent 1 
Water of GistillationsssrccccccgecncccececccesesccecessdOs | 
Woter ‘(mofsture. In: COdl )swicteenntiisseeescwasusaeeeeedos. 2 
Coke Ce eee Ene er BORER ria: cormnnrneN 1 4 
GOS ONG; FEMAINGer oo wiaed asi. b wis Mies Acs ow eee we bs Hee e's 1 
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" Proximate ankiyeis of: ‘coalt. ae Po eetocee, & 
MolStures <6 iesosc ds 0548040 thaw ies cade did soe eae cpercent 7.4 
-VOlOtL1e,. DIDS fined. Carvoniocess tian ns saieceneswedOs. TOTep dx 
CASBseeeeeereecteeedetteeeereterererece re sig otis hare miele 5.1 


Pee ce | i ae Uae, Ree eR aes 100.0 
"Elementary. analysis. of coal: . ‘eee ee ee, ee 
Carbon snc $iGidosds Gade veonwaneeeae be wee cee scpercent ho. 
13456 go) -42) EO aera eee ieee steeneeeecneeGou ° 3 
sulfur (combustible) :...... Siete oateseebeeesateaewnedOs . “Ox 
Oxygen and nitrogen...sccseccccccccccemecscssccseeee sO. Lh 

RG sa eo tceh ds wales Ge iie ae vv vets cess ae eee eae cdoe 
MoLsture..issssssesssess. bi decserdeocsteceteteteisens do; «27 

‘ : ° S ceows hela a) EE Rokk Ze "200:0'° 

Screen analysis (converted from original data; ‘which =e ee ven. in” 
metric units): Pee | . fia & wer ees , 
Size-. : : beh Ree ge ghey, fe ee Moe a, oe 
Through | 0. 515. -inch on "0 Loqsingh.s' .. kvle die ...percent 39. 
Through 0.197-inch on'0. O79 Hine a i008 0:00s Caen ee kOn” 50 
Through 0.079-inch on 0.039-inch. .heieeeievesece eee sdOe 2 
Through 0.039<inch on 0,.020-inch.. eee Peredddeee.8dO. « Oy 
ee O020- inch. ..+.+. eee e's eee vecerererese eer On a @) 
; ere ae a a) 


Ol HEN EO! 


' Calorific vali of the: coal: a oe 
High valuceusccescseseoneneseceossezersve B.tou. por lb. 8530 
Low VAIUC eee eects secee sen vesssereegsbecssesesseees GOs 7910 

Coal gasified per Qh Hours... .ccccccccccdocccccscccceacldDe’ 47,390 - 
Coal gasified per hour per square foot of internal sec- ae 
tional area of the generator.......ceeeneenrer cece er eedbde . 183° 
cea of gas madess | a cn es 
Raw Scrubbed 


i 


ONO’WHHIO 


e 


CO + . err een percent 30. 
PD LUMI ANT Bicone sao ee baste eu eesee Geek euaeeee aos = 0 
OXVLEN ec esevvvccceserrcverewassersvscsespvesese cde 
Carbon MONOXiIde...eseccreccccevcccevccescccees dO. 16 
HyVO60 (en ysoho4o in wae tenteus dag atetaaoewssdoa. 3% 
Methane ss a.cnissbinnes wanes ehteweeenewaeeeneuecwdos, 16 
NE CLOREN bebe ices: cre csie aoa ois We oS eee ee ees Oe « 


OW 


So BAO 


Calorific value, dry. gas at: 60° F, and 30 inches 
MEYVCULY (cee Fis es eeaweudae ee euenBeeeds Perm Cutt... 3d 474 
Specific eravity; dry Sas. s.s5se sas vonaiee es seas 05 ~ 0:765 0.463 - 
Hydrozen sulfide, grains per 100 cubic feet......... eT 0.0 
Ammonia, per 100 cubic feet scrubbed-gas produced....grains 0.007h 
Oxygen used per 1.000 cubic feet of dry scrubbed gas 
MAC i dididcs. s sceae Wisse sie Gas GaSe ae Seer ee wee by Meee SCUsl be: . 150 
Steam used, per 1,000. cubi¢. feet. of dry. scrubbed gas made.lb. - 60 
poe RECOVERS, -. f2,percent.of the. tota] tar,content of the coal. 
A reported. heat balance in gasifying brown. coal in the test generator is 
shown as follows: 
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Heat ba. balance of pressure gas operation of a small test generator using 
screened, partly dried, brown coal containing 27 percent moisture 


Input: 
| Percent 
Heat. iti the 000) sich bindetdsdinsoteabateeuiesccende 0959 
~ meat 1n. Che Steam ce wc5 scan stewie sy Seow teens’ LO el 
° ; . . ’ , “ ‘ ¢@ .. Git BP. a 168% eo ‘100 0°" 
Outs | 7 
.. Heat of combustion of the scrubbed gas......-cceeevecees » 62,2... 
Heat of combustion of the tar and benzine.........00.6. | 14.3 
Combustible matter with the ash......ceccecsoccescerges O.4 
Phenol in the wash waters.....eessececceeceseseterecens 0.9 
Steam produced in water Jacket... cscscsercescesscnevees 0.6 
Sensible heat of the gases and heat: lost............... ° 16.2 
Heat lost in stcam superheater ventilation lines....... 5.4 


Heat of combustion of the ‘gas, tar, and oil cae cuenta: 6. > pageant of 
the heat input as coal and steam. Although the tests were made under condi- 
tions not readily obtainable in average plant operation, the results are 
presented to indicate that under favorable conditions high Con ere oe ora 
ciency Baye obtained. 


aibsequent to. the experiments of Dr. ‘Otto sfubmenn in ees: Dr. Fried- 
rich Danulat of Frankfurt, 4 representative of the Lurgi Co., reported on the 
pressure gasification of coal in a Lurgi generator at a time when first-hand 
data on full-scale operations were available to him; some & the data reported 
by the latter are presented as Fostoue: 


Operations with setious coals at 20 c cioupheese absolute pressure: 


Pucl.cseccccsccteccccovesvscseeveceses] Brown coall|Brown coal Hard coal 
. - = a 4% (middle [(noncoking coal 
Lausitz) | Germany) from the Ruhr 


Composition: : | 
Moisture....seccocoes weight percent © 
Voletile and fixed carbon: “tne 6 oe GOs 
ASR aise wedivinceseaws ose saawawks Gd0x 


Ter content,......-.. percent by woight] | 
Calorific value, high value......... 
B.t.u: per ae 


Composition eee purified gas: 


COD cccvecoceyevoeoeeevOlume percent 3.0 
Tlluminants...cssccscccrcrcscseres edd. 0.5 
oer re rere ree Tee eee eee ee lor 0.1 
CO sooo eed hon See hae iaeee as aeede: 22.8 
TED see deioniialin 64 savant ea asa aaraulersvare, a iaede: 48.7 
Cc 0ere we eee ee ae ee ee ee ee ere odo. 22.6 
pierre eee mr re et ee ee ». do. 2s3 
. O 7 
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PUCLe cece eerececeverscespes crererercens Brown coe. ‘Brown Coal Hard coal | 
: | Bees (noncoking coal 
austie from the Ruhr) 


SPGCILIC.BYAVILY «06 ps6 vances eu sateen ees 0.410 
B.t.u. per cubic foot of dry gas at 

60° F. and 30 inches Hg........c-ecees 4.37 
Oxygen used per 1, 000 cubic feet of dry 

BAB acu cesses ce, eae eee. 198 
Steam used per 1,000 cubic feet of dry.. 

ne ee a ree etree ee area eee eee tole 83 
TAF LFECOVETEM. oc cs ceccncccccoccesene 

percent of analytical value 0.0 

Yield of dry gas (at 60° F., 30 inches | 

Hg.) per ton of 2,000 pounds of coal. 

56 Sibel SWS OSHA NOE SIO Wea oee eee CUS Pt 53,100 
Coal consumed per 1,000 cubic feet of 

gas made - RESESEEEEESEEES SSSR ERAS SSS 37. 8 


“It is noted that the Oo éonwuned ca making gas from the ustatively high-. 
rank noncoking coal is about .35 percent higher than when gasifying the lower- 
rank fuels. No doubt the lower reactivity of the high-rank fuel made neces- 
sary operation at higher temperatures, which in turn called for a greater 
amount of Oo. Under these conditions, one would expect the resulting gas to 
contain somewhat. Less. CHL, and more CO, and this is shown to be the result 
obtained. | 


Ss It is recognized that the aierorencee in. moisture content and volatile 
matter in the different fuels has a definite bearing on the amount of oxygen. 
consumed per pound of coal gasified. Comparing columns 1. 2, and 3, it is 

noted that the volumes of gas made per ton of coal gasified are not proportional 
to the calorific value of the different fuels. but, on the contrary, the gas 
volume is greater, than this ‘ratio for ,the high-rank low-moisture-content fuel. 


Factors Relating to Comparative Costs 


Interest centers in the relative cost of ordinary water gas and Lurgi- 
process gas. Although the major item favoring the Lurgi process is its adapt- 
ability to handle fuels unsuitable for use in: standard gas-generating sets, 
the geile: Compan tsos - mane: to show: some important relationships: 
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Relative costs of materials used making water gas and 
Lurgi pressure-process gas 


rn er ae | Ordinary water as, ‘Lurgl  atmospheresa/ 


1. atmosphere - gas, 20 atmosphere 


: Per Il, ,000 | 
ft. 


cu. ft. 'Per therm; cu. 


Coke, 40 pounds per 1,000 cubic | 
. feet at $6 per ton......ceeeeeveer.. $0.120 | - $0.040 
Coal, crushed and screened, 1/8- ::° *' _ | 
to 1/2- inch subbituminous qual- 
ity, 90 lb. at $3 per ton........: 
Oxygen, 145 cubic feet. per. 1,000 | 
of purified Lurgi gaa-at 16¢ per | 

L000 Cubic feetci.ccssscecenese 

Steam, 40 pounds per 1,000 cubic | 

feet of water gas at 25¢ per | 
L000 1s: ccistcttinecuonsucetsecd| 02010 

j 

| 


ee ee - 


, 0.003 | - 

Steam, 66 pounds per 1,000 cubic 
feet of Lurgi gas at 25¢ per 
2,000 pounds... cccccccccoveccenes. 


| 
| 
| 
| 
| 


Credits per 1,000 cubic feet and |; .. 
per therm of gas made: | 
Tar, 112 pounds per ton of coal! eS 
at "hd per gallon.....c.c...0e.' - - ' $0.02h 
Benzine (light oil), 6.31 gal. | . | 
per ton of coal at.8¢ per ! | 


Gee eee arene ner eG areaete ea = | - | 0. 
Total CPEGLIUS. wecccrevscccccvecces: 0.000 H 0.000 0. e 0.010 


The gas made in the pressure gasification, as adcve, is at 20 atmospheres 
absolute pressure and need not be compressed further for transmission or for 
use in the Fischer-Tropsch process. Without further treatment, however, it is 
noted that 1,000 cubic feet of water gas contains 900 cubic feet of CO + H,, 
whereas the same amount of scrubbed pressure gas contains only 700 cubic ret 
of CO + Ho- 


The foregoing costs are not represcntative of the relative cost of finished 
gas by the two processes, because other items, such 4s maintenance, taxes, 
amortization, labor, relative generator capacities, and other costs, which are 
not identical in the two cases and cannot be evaluated accurately at this time, 
are not included. The important consideration is that an appreciable difference 
in the relative costs of generator fuel and in the credits for byproducts are 
required, as indicated, to. favor the pressure process. In view of the higher 
calorific value of the pressure-process gas, & more equitable comparison might 
be the materials costs of carburcted water gas and pressure gas; these costs 
are compared as follows: 
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Relative costs of materials used in making carbureted-water gas and 
Lurgi’ pressure=-process gas; per 1-;000 -cubic. feet 


- & 


Poi) yernnimerre sear. ged wie sage ee ‘Ordinary 
! arbureted , Prossure, 
es water gas ' process gas 
Operating PreSSULc...-.cccccccccvcsocvcees atmospheres 0 
Calorific VAlUC... ccc ccccccccccccceeBetete por ou.ft. 466 ! 466 
Coal, 1/8- to 1/2-inch, 90 pounds at $3 per ton.cents > 13.50 
Coke, 30 pounds at $6 per ton... ceccccccceccercee ed, 9.00 | — 
Carbureting oil, 2.08 gallons at 6¢ per gallon....do. 12.48 ¢ | - 
Steam (for generator, turbine, booster, etc.) . 
100 pounds at 25¢ per 1,000 lb. .....cecccc ese ce oO. 2.50 | - 
Steam (total for pressure gas operations) 66 ld. | _ 
BU 25¢ Der 1,000.1 is: adc sscccutinaaswasevcewssure'sedOs - 1.65 
Oxygen, 144 cubic fect at 18¢ per 1,000 cubic’ 
PCS sees csiesiete dl iisaese ie tae secesweceeue ses - 2.60 
Credits: , | | 23.93 | nh Fy p 
TOY. 25/35 died cee S456 eerhed BS Aw eed bee ceue Cente | 2.4 
Benzole and light oils...ccccrcceccccesccsec ede - 2.4 
20 | ae 
Total materials, loss credits. ..+.-+:,.2+++++++.cents 21.98 12.95 


It will be notsd that in tho prcessure-gas process the nese oils are 
recovered by ordinary condensation on cooling the gas. 


A plant for the complete gasification of coal under. pressure and purifi- 
cation of the gas includes: 


1. An oxygeni- producing “and ‘Compressing plant 
. Gas generator houde’ with géherators: 
. Steam superheater 


. Condensing equipment 


2 

5 

hk 

5. Pressure aorubbere 

6. Dry purification ee 

7. Gas holder 

8. Tanks, reservoirs, and water ponds 
9. Light oil-recovery plant 

10. General utilities, and 

‘li. Coal- and ash-handling equipment. 
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In case stean and electrical power cannot be purchased economically: “at 


oo the plant ‘gate"-a ‘power. ‘plant 1s also apcoand ie : prey 4 if the. coal pur- 


er © + © *# Be 8 8 


a | 
Se ey ee a ee 


-botler‘ fuel for thie @erier'dtiion of ‘stean, . see 

ae Inforuition releting ‘to ‘the. cost. of. ‘such a pas asec and’ C értain other 

- costs under- normal conditions for making. gas by, the. pressure process at 

, approximately’ 20 atiiospheres | pressure may, be, gleaned: from the. daté given below, 


ee 8 © ® 8 8 


a es the author obtained con engineers in. seakieme madera in uits Field: | 


eer eee eo Fe HF FY 


saya see Peete mene . cp 2 Py oerte ? o@e 


2 Baata: oo . _ Re hea ee ee 5 : see ie a _ 

a and: 30 caenen ee ae 3,720, 000 000 
Calorific i es Ue : eae cu.ft. 458 
noe used, proximate analysis:. 6 A, eee oes 
MoLsturésss ee cceecveseg vorsucccs rare “15.60 


J Volatile and combustible..cesscecesetcccccemecdee rds 75.00 
Le hee nena tant renters stiebans ec : ‘10.00 
oe ee  * ¥00.00 


"Bien calorific’ eC ea en eae my te u. per ‘pound 7,740 
_ Agh- sof tening ROM GVA CME oy 5.c:hawa whieh ulee alee vine dae hee ele aU. 1,100° 
Effieiency of gasification. OP C68 yess Uarewels dc -oseve percent ° B48 


| (Tneluding the heat energy of the ter and, aga but 
“excluding: heat input. as, steam). ee, 


. The efficiency of Conversion of the fuel, ‘not sneluaing the. heat’ in ‘the 
oe and ae: a given as follows; ee ee: ; | ee ee 


Le ane : ae oe ck ao Nu of. ae ; o- a fase 850 ath, am oe ae 
Efficiency - 100 ver 7 ~ &, 300 calories per kgm. of coal «= : 


= 84.8 percent. ae 
The’ figure 0. 65. - the Humbe of eebis: ates of’ gas. from. a kgm. of the pai 
Calculated in leew of U.::S. standard. untts," the’ conversion efficiency ise... 7 


458, Bea.) (10. 1,530 B.t.u. 
a | 


In the letter. computetion, ee 7 te the: B. teu. ‘per ‘cubic foot of ary gas maxte 
from 1 ‘pound of coal; 1,530 B.tiu. is the heat of combustion of the tar and: 
. of] made in gasifying 1 pound: of coals. and Ty THO is ‘the Generar value of tur 
coal “in.B.t-w. per, pound. ne 4 


Efficiency = 100 = 8h. 6 percent 


1768 ~-25 -- 


Google 


I.C. -7415., 
Annual costs: oo | -Reichemarks Dollars 
Coal used per year, 170,000 short ‘tons at 5. (88°Rut, 
or $2. 352 per short LON sr ere eeed sone tuaesinnneaee 25 000, 000 400,000 
Electric. power , purchased. At..0. 02. Marka or 0. 6 cent ; 
ss POM WethY, aie. ssa ce Fedssesegessssccsts vss eveeaews--2-500,000° “200000 
Steam, 154,000 ‘short tons purchased at 2. 58 Ri. or. ; 
$0.912 per mar i CONs b..b.gss cdeese ese cesacdetieeccs 350,000 “140,000 
Cooling water ,&/ . 700,000 m? (2k, hehe cu.ft. Jerees 35 ,000 1h ,000 
Beaten, LADG ss eeetegeretestrernesstenraseeeeetes 280,000 112,000 


eee ie eer er 
eo. 


Total annual coSts.....essecccscusscecs Sena T I : Be 000 

Estimated total cost ‘of Me 200 , 000 2 600 , 000 
a/ The total water consumed -in.actual -operatioris ‘appears. ‘to be Spprose tery 
" three times the eee given. 


‘8 
es 8 «4 
@ e we ef 
ey sit ne 
eae, Boas 
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ew 6 «@ 
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per year or 292 cages It te aid that these men can’ handle the oxygen plant 
and purification equipment, as well as operate the generators. | ee a 
electric power are considered to be available by purchase “at the gate." 

this basis, the cost of the scrubbed gas ia given es 3 Pf. per ae (32.3 Pid 
per 1,000 cubic feet) without allowing credit for the tar and ofl. These cost 
data were complled aftcr the actual experience of building and operating a 
plant. It is interesting to note that the total cost of the plant ($2,600,000) 
included $676,000,. cr 26 percent of the- total, as the cost of the Linde-Frank) 
oxygen plant. The oxygen required varies with the nature of the fuel used but 
averages 15 to 18 percent by volume of the purified gas made at approximately 
20 atmosphercs pressure. The electric power used for oxygen production included 
in the above cost deta.ie 0.67 kw.-hr. pur cubic meter of dry 0, at 0° C, and 
760 mm. pressurc; equivalent to 19 kw: -hr. per l, 000 cubic feet similarly 
measured. . 


The Perenoine eoctaake Gelacs eerdnerpeaaucticn ef soeparine & calorific 
value of approximatcly 450 B.t.u. per cubic foot, Calculating the cost to the 
equivalent of 1,000 cubic feet of 300 B.t.u. gas, the estimated cost would be 
300 x 32.3 cents, or 21.5 certs, without allowing for credits for tar and oil. 

50 iPS a ee 7 


In using these estimated costs, it mst be. kept in mind that in trarsposirg 
the costs in Reichsmarksto dollars the arbitrary value of 1 Mark cquivalent to 
40 cents was chosen because it appears to express a proper relationship of 
valucs of things bought with the Reichsmark in Germany and the dollar elsewhere. 
It is belicved that an attcmpt was made in the above estimate to figure costs 
&@s close to minimum as possible under the prevailing conditions. Some of -the 
items, such as steam and clectric current, cost less in the United States, but 
certain other items including taxes, insurance, and the like, must be included 
in applying the data to American conditions. 
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FIGURE 7.-DIAGRAM OF A WINKLER GENERATOR. 
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“THE WINKLER GENERATOR AND GASIFICATION PROCESS — 


‘The Winkler process for making gas comprises the gasification of solid 
fuel tna finely divided state while it is in a fluidized state confined in a 
specially designed generator... The initial conception was that when a fire 
was kindled in a bed of fine fuel and it was blasted from beneath with mixed 
air and steam at a sufficiently high velocity, the mass would be fluidized, 
the particles assuming ebullient motion, and the reaction of the steam and 
air with the fuel would be continuous, with considerable equalization of 
temperature throughout the bed. It was believed that not only could a high 
gas-making capacity be obtained in this manner » but the ash could be removed 
in a fine granular or powdered state. It was.found that with certain highly .. 
reactive fuels, this could be aeécomplished. The desire to reduce the nitrogen 
content and. simultaneously. raise -the- calorific value of the gas led to the use 
of 05 tristead of air in admixture with steam. It was found that the ash, toa 
large extent, was, carried along entrained in ‘the gas, and, furthermore, the . . 
partly -burned, particles of: fuel’ still. containing considerable. combustible |. 
matter also were carriod out..of.:the generator entrained in the gas by virtue |. 
of their relatively. small gize; .Thus, it became necessary, to reduce the loss 
of fuel in this manner , to introduce Oo along with eteam at a level above the. 
top of the fuel ded, This was. 4n important ores in the Meee the ike 
desired end result was. obtained, : ” Oe _ 


The Winkle? process has. been used successtuliy ‘in Soe at Leuna, where. . 
the latest: developments were: made, and: at Zeitz, where large generators had. 
been in daily operation. Ag in the pressure-gas process; it was necessary to |. . 
control the temperature of the fuel being gasified, which is accomplished by | 
regulating the proportions of steam and 05 or steam and air. Tar is not ine, 
ered from the gas, nor is it present therein in appreciable amounts. Fuels — 
that yield small amounts . of tar only.ére preferable to other types of solid 
fuel. At.Leuna, there were five Winkler generators, but only two were in use 
just prior tothe close of the European warj one employed air and steam as 
gas-generating fluids in making power gas, and the other, similerly operated, 
was used to produce & high nitrogen-content gas for coritrol purposes in making 
synthetic ammonia, that ne for Noni raare the amount of Ne in admixture with. 
Ho. Pes ‘> s | ot 2 


in Figure: 7 is a ‘diagrammatic view of a Winkler eee, As shown, oxygen 
(or air) and: steam are introduced beneath the grate at -the bottom, and some of | 
each also is introduced.at.a number of inlets ata common level above the . 
ignited fuel bed. The depth of. the fuel ‘bed is 39. to 58 inches, although it | 
is said to. be preferable » usually, to maintain the depth at about 39 inches. | 
A water-coolied ern rotating: about a central axis helps to. discharge ashes from 
the generator. - The grates . comprise fire bricks placed . on edge.a few milli- i: 
meters (1/8 to 1/4 inch) apart. The upper inlets for steam and 05 are located . 
9 feet 10'inches above the grate. The prepared fucl,. stored in a reservoir __ 
adjacent the generator, . is. fed: into the alias by means of &@ ‘screw conveyor, 
which ec eoritinyously..: de bee 
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Kind of Fuel Adapted for Use in a Winkler Generator 


Although it ip true: that:fine sizes of- solid fuel ey be used successfully 
in a Winkler generator, it does not follow that all solid fuels.can be thus 
gasified. The physical and chemical properties of “the fuel used have consid- 
erable to do with the Pemts. of: bookends Getaacae ne ‘Some’ of these properties are: 


vs. Sizes ‘ana range- An sizes of fuck ‘Used. 
-(e) “sor terisiig, point of “the fuel ash: 
(c)”, ‘Reactivity, . 


(a) Tar content. of. the. fuels : | 
: (a) Size of fuel. Sita caantat ine ‘the na88 of fuel in al fluidizea atate 
in the generator, it. is negessary,: that the velocity of the fluids (gas-making 
fluids and reaction products) passing: into and © through ‘the bed be greater than 
a fixed minimm, which ‘latter -ig that at which ‘particles. begin to settle and 
separate from the fluidized tate, : Employing the necessary velocity, therc is 
a tendency for the finer particles to be. carried away entrained in the gas, 
hence a large variation .in particle size ‘in’ the fuel charged should not obtain. 
The ideal’ condition would. be.-complete wiiftrmity of particle size. Of course, 
even with this state the ‘burning of the fucl in gas-making reactions would 
cause progressive variation in Bt e and the very small particles would be 
carried along with the gas stream... In’ commercial operation of the Winkler 
process employing’ carbonized brown coal asfuel, a ‘patisfactory size (the size 
actually used) was 34 to A om, , which':ts 07118: “4 0. 158 inch. Smal) amounts of 
fines-and coarser particles alee: are present in the fuel gas as charged into 
the generetor. Even with the:-exercise of ‘care in preparing. the fuel, the ash 
blown over or entrained in the gas stream contains considerable: combustible 
fatter. It appears that the greater’ the variation in’ size of the fuel particles 
in the fuel charged, the groater is::the ‘perceritage of ‘carbon in the ash. 
Accordingly, smal1 and cae pale sized’ porte are sin nals for Winkler gcn- 
erator fuel. | _ 


me: 
ae al . 
. are 


(bd) Ash-softening t cmavenine. “The eauetaiet of fuel in the fluidized 


state are in ebullient motion, and there is considcrable contact or collision 
bf these particles during the gasification process, It is obvious that should 
they be heated in the generator above. the ash-softcning temperature, they will 
adhere to one anothcr and form larger particles. This could result iff’ the 
formation of clinkcrs of appreciable size and hinder smoothness of operation. 
Furthermore, should the particles bo ‘heated ‘above the ‘ash-softening tempera- 

_ ture, there would be a tendency for thom to adhere to the wall of the gonerator 
and accumlate there with understandable: telcterious results. ‘Accordingly, it 
is desirable to keep the fucl particles’ in the Pluidized bed in the gonerator 
at a temperature 30° to 50° C. below the ash-softening: temperature. In some 
cases this is an important and definite imitation; thus, fuels having high 
ash-softening temperatures (2,400°.to 2,700° F-)- should ‘tiot cause serious 
troubles from clinker formation, because it is possible to reach a suiteble 
gae-making temperature appreciably below the ash-softening temperature. Hower, 
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_ ashes of many fuels soften at 1,900° to 2,100° F. (1,038° to 1,149° c.), and 

- in this rangé problems drise. - THe | duration’ of ‘coritact ‘of the gas-meking 
fluids is very short ‘dt thé ‘nééddsdry ‘High rates’ of flow, and there is the 
netural tendency for ‘stédm’td “pass ‘tHrough the fucl bed unreacted, and for the 


vtgtye 
Nee retreoes ee5elve se gp oa ewe @ © © CPeeaeRe wt 


prevdil. 

‘(c) Ronctivity ‘of ‘thé ‘fudl! ‘5 “Ini ‘tlie ‘usd “of “fudl¢ uavinig Yow ash-sof- 
tenirig-temperatureées, {tis désirdblé ‘that “they “be réactive “in order to promote 
suitably complete gis reactions. Brown cocl, lignite, and subbituminous coals, 
or, 'rathor, the Her ‘résulting* frén ‘Heating them, aré ‘highly redctive and 
therefore suited for use ‘in u ‘Winklér ‘gérierdtor. * ‘Thd * author believds that 
serious difficulties may Be expér fenced: in using fuels of. low nsh-sgoftening 
temperatures that dare not ‘very ‘rédétive “dat ‘the ‘Idver ‘temperatures, such as a 
high consumption but low conversion of steam’ per ‘unit-of’ gas made , poor quality 
of the gas mdde, ‘drid ‘a ‘high: content ‘df ‘¢adybon' in’ thé ‘ash. Progress in the 
development of this’ process ‘may alter'these conditions; definite and accurate 
limitations cannot "bé “rade ‘at ‘this Tae. PeceuRs ‘of ‘Tack’ os ‘complete. information 
based upon experience. | 

(a) Tar content of the filel. “= Ina Pees minor degree, the tar con- 
tent of the fuel fed to ‘the ‘generator affects results. The fuel ‘in the feed- 
ing ‘mechanism becomes ‘heated ‘appreciably ‘before ° tt ‘ts ‘dtscharged into the 
generator, and hence if “considerable “amounts “of tar ere evolved by such pre- 
heating, clogging’ may’ occur, ‘or resistance ‘te ‘flow may ‘be so great that extra 
rower will re required | to’ propel the charge into’ ‘the geone re tee 

hea a Peis divided coal ‘that ies tar upon being heated is used 
as’ generator ‘fuel; ‘there ‘wtlI ‘be‘:a‘*tendency for avglomerati ‘on of the particles 
as the tar is expelled, and it will be difficult to obtain uniform or satis- 
factory results. Hebene informbdtioti ‘is! ‘available on this’ phase of the subject 
at present. ; e sree of eae . 


Some Results of operation of the Winkler Process . 

- The results: given ere ‘based ‘upon: suepetisus tae ‘reported, at , Zeitz, 
Germany. The plant'‘is‘basicaltly:a -hydrogenation -plant; -tho’raw gas being made 

inkler generators: ‘ ‘There were ‘three ‘generators; ‘one -of ‘which was used as 
a spare. The inside dtameter‘of-:each-generator was 8:2:feet:: The grates con-. 
prised fire brick placed on edge but spaced apart 1/8 to 3/8 inch. A water- 
cooled scraper arm just above the grate rotated slowly during the operation. 
The depth of the fluidized ‘fuel was 3.3 to'4.9 feet: Oxyzen.and steam were 
admitted above the fuel bed:as well-as ‘beneath tt: -Fhe-tnternal diameter of 
each generator in the widest: portion ‘dabove’-the grate was 8,2: feet; the section 
area was 52.8 square ‘feet: ear ee ee 
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Fuel USCA. sosececseseen ress Carbonized brown. coal known as "Grudekoks." 
Size of fuel fed to generator: oocecccccccccccocecs ee inches 0. 12-0.16 


Generator fuel used per day co cccccecesevcceces sSnOrt tons. 650.2 
_ Composition of the "Grudekoka" ; | | 
Carbon is. Vas CONC. Ness 00 seeGs a eeee ves WO LenU percent 62.0 
Hydrogen Tere Teer erTree Cree rere ree roe cree re er 2.0 
Sulfur Coed ererecer cere se cece secre eeenceees ees en eds 5.8 
02; Na, and | ash Cee ercccvevceeennstesoevevsadcess chOs 0.2 
| 100.0 
Softening temperature of the ash Giaaploceanaaenseeue C. 1,000-1 ,100 
Calorific. Value ssecncrccccccccpoccccsccseletalls per ‘pound — 10,190 
Raw. gas made’ daily with two generators, dry at 60° F., and. 


30 inches Hg Poe mesecccasccecccccseccevccacsesCUbic feet 2,656 ,600 
Raw made daily with two generators, saturated at. - 

60% Fey. and 30 inches .Hg jaseeee edie ieee esewowecwned Os. 28,145,000 
Generator fuel used per 1,000 cubic feet of raw dry 


Le saiGals ais SinerGiSNs Sia sialelgnd Oa's'a NENG G Sie aeworeeeesee ne PCUNAS _ , 47 £04 
Generator fuel used per 1,000 cubic feet of raw 
saturated gas Ss ecedas Gh duces clave g soaeae dee ve eveen “46.15 


Steam used. per day at .2.5 atmospheres pressure: ae 
To two generators. (process) occccesesesess Short: tone '~- ‘402.3 


Total dalle asap Risin s Ww. ba eain eee pe Sp wa eeeres cid nes aeueieads, 483.8 
‘Total per 1,000 cubic feet of dry gas at 60° F,, and = iis, 
‘ 40 inches "He ne cecceccorngegecccoccreseceessopounds : 35.0. 
Total per 1,00Q cubio feet of gas saturated at a _ 
60° F., and JO AncheS Hg cccccccsccccccsvescceee Ae 344 
Generated, .per 1,000 cubic feet of dry gas at. 60° 
- F., and 30 inches se seaccvcceccnceccsacgsens chs 42.5 
Oxygen used (basis pure. ia, 3 | 


Daily supply to two generators, ary. at 60° F., and. - - 
30 inches Kg Sgisig.o 51646604. 4 6.64% 60's Os uS SS CUDLEC Feet 6,721,000 
Dry Oo per 1,000 cubic feet of raw dry gas made...do. Oks 
Composition of raw GAs : 
COo + Hosa Pie eer 8 ee by: volume oh, 
0 ee re eee ee amr | of 


WETITELTTITETIT ITIL LILLE TTT ETT TTT  e 


h 

29.1 

Hd PEUECECESTERTES TP ETIC ELE TeTeeererereer re rere ye. Cre . hh 2 
0.7 

1.6 


No seeenecceserserenssnsececesereesrersseer eres s eds 


Calculated high heating value, dry at 60° F., 40 inches 
Hg Sais MoE Sse ete ati hank Det per cubic foot | 252 
Calculated high heating value, saturated at 60° F., 
40 inches Hg aihettars Pad pues eae te ead oe bes ee eae eudes 48 
Total dust removed fran the gas by the dust separators 
per day Cece rcccccsescecesccecccccccoccceccss cc sGnort tons 299.2 
(About 80 to 8&5 percent of this dust was removed in the 
multiclone separators ) 


a/ The Hes content was 1.3 percent, leaving 23.1 percent of COs. 
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Composition of the. dust: 


Carbon.... Leveacebeceeenetecseeeesspercent. By ‘weight 54.01 
HYGrOGON. cece we vccccsecevcvssacvcssccsvoscenesses sly 0.89 
SAI scacaca Sesca cs tdwarsehinse snes idea bo clin pain eee Os 45.10 
3 | . 6 . 100.00 
Calculated calorific value...........¢+++Detee per pound 8,200 
Composition of the ash collected at base of generator: | 
CArton, cccccccvcccccccevevecovcosssepercent by weight 25.8 
HYAPOBEN. oe ccs cc rcccsccv cv cecercsccscvcssersscsv sede 0.0 
Pop cote atieaGonsiee enna amare eto Guneaaie NeonchG: 74.2 
7 100.0 
Calculated calorific Pe Weds sowiencsedacbs t u. per pound 3,650 
Total carbon (combined) in the gas as CO,, CO,.and CEk, | 
per 1,000 cubic feet of dry gas, computed... .+.0..pounde. _ 16.80 
Actual carbon in the fuel used per 1,000 cubic feet of : 
dry gas, according to the fuel QNALYSLds.esecesaee saad 29.16 
Carbon in the dust, per 1,000 cubic feet dry gas....pounds. 11.70 
Carbon in ash and not accounted for above... ..ceeesee oO. 0.66 
Steam generated (per 1,000 cubic feet of dry gas) at 18 
Atmospheres PFESSULe..ccccoccccasccssccvsvsvvssevses sede 42,5 


Calculations based upon the above data but computed with reference to the 
dry gas free from COo.and HoS, herein designated as “rich gas": 
Rich. gas composition:... — 
: BOs, casciine siesta Guecadewasedepereant by volume Os, 


(0) 

OO n seta wim ies GeieieGus owes hee UoRweS Slee eeeee Os | «8 ©<SOs5 
Hae erccrovsovescbevevovevvnsvesccccssssssssesvesse Qs . 58.5 

CHhecccccccrccccccncecccsceevecerecsscsesasesecses eds 0.9 

\ DO ee ee ee ee re ee ee ee ee cor 2.l 

a, | | | es 100.0 
Specivic. gravity a sdsc. 68s sce~ bac sct sie essa ce ceesesieces 0.438 
Calorific value of the dry rich gas..B.t.u. per cubic foot. - 30h 


Rich gas made per day (equivalent)....ssseeveeee-cubic feet 20,908,000 
Materials used and yields Pee 1,000 cubic feet of ary rich 
gas as above: 


Process Set ee eee OR 38.7 
OENEI GUCOMs cine e45.ess.nie soa eiteerdiwe 6 bowels cee a eeeeeeOs 7.8 
MOPAd “BOOM. 6 sssa:bt 6b 5s06.bckaw oe eewle'een ee aeyes esses dO. INO. 
GERCTACOL file lees. bpisioee Saiki es 08 Ce oobi ee soe eed. 62.2 
Oxygon (basis pure dry 0o)..ceccceneeecceeeCuble feot 327 
Steam gencrated at 18 atmospheres pressure...... pounds 56.2 


Rich gas (32h B.t.u.) made per square foot of sec- 
- tional area of generator per hour, dry gas basis 
SP CG ORS ame prea Mem IenteReK eae ue eN nS fect 8,250 E 


iiaceliauseus Notes on 1 Operation at Zoite 


_ Of the total Oo and steam aulicd: to the pénerator: 90 ves of seen 
was introduced beneath the grate,.and the remainder was introduced 6.5 feet 
‘above the fucl bed. Although it was stated that the generators were not 
operated at capacity because it wes found that erosion oscurred in the waste- 
heat boiler at maximum capacity, and henco lower linear velocities -were main- 
tained in the i stream passing through the heat exchanger to protect mes 
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it is noted that the blown-over fuel, called dust, is. a rather high percentage 
of the total fuel used, hence for all practical purposes it appears that the 
production given above is close to maximum rate of meke. Sufficient inforne- 
tion is not available at this time to make a more positive statement as to 
capacity. The limits of capacity reported are: Minimum 335,000 and maximum 
744,000 cubic feet of dry gas per hour measured at 60° F. and 30 inches of 
mercury pressure. The latter figures correspond to 6,340 to 14,050 cubic feet 
of gas per hour per square foot generator sectional area, | 


The gas from the generators passes cccueiaenete heat boilers, aise sepa- 
rators, coolers, and water scrubbers. Gas entering the dust separators is 
said to contain 17.8 pounds of dust per 1,000 cubic feet of gas; leaving the 
separators it contains 3.56 pounds; at the outlet of the cooler-scrubbers it 
contains 1.9 avoirdurois ounces; and at the outlet of the Thiesen scrubbers 
the dust content of the gas is 1.2 to 1.6 grains per 1,000 cubic: feet. The. 
water used for scrubbing the gas absorbs considerable HoS and CO,, and these 
gases are expelled by air blowing Berore the water is ‘conducted £6 @ settling 
pond. . : 


The dust collected, which-is se eoriantaiy -half carbon, is used as powdere? 
coal for steam generetion. This is done usually without grinding, although 
extra pulverization was practiced for awhile. Dust particles recovered for 
fuel use are 0.1 to 0.5 mm. (0.004 to 0.020 inch) in size and are adaptable- 
for use as powdered fuel in spite of the high ash content, largely Becausé 
they are very reactive; this applies to the.dust made when gasifying such fuel 

"Grudekoks," as described above. Besides. the dust carried overhead in the 
gas, there is approximately 1.89 pounds of ash,. removed in a fine granular 
form, per 1,000 cubic feet of dry raw. gas made. 


° Operation of Winkler praceds at Leuna, Germeny 


At the chemical sient iisvesbexe Ammoniakwerke) at Leuna, there were five 
Winkler generators - four large and one small one. Considerable development 
work was done at Leune on this process. The generators, initially designed 
for gasification with mixtures of air and steam, were subsequently used with 
mixtures of Oo oe econ, ee as described in the Bore gerne: 


The large seeescate had an Pree dtemeter. of. approximately 18.0 feet 
and corresponding sectional area of 255 square feet and a rated hourly capacity 
of approximately 2,676,000 cubic feet of raw dry gas measured at 60° F. and 
30 inches of mercury pressure. This is equivelent to 10,494 cubic feet of 
gas per square foot of sectional area per hour. The small generator hed an 
internal sectional area and capacity half that of the large generators. These 
generators were operated in muoh the same manner as the generators at Zeitz. 
The steam-oxygen mixture introduced below the grate was 40 to 50 percent 02 
and 60 to 50 percent steam (percent by volume), whereas at a level 10 feet 
above the grate an Oo-steam mixture was introduced comprising 80 percent Oo 
and 20 percent steam. This is different from the procedure at Zeitz. The 
linear velocity of the gases in the generator was said to be approximately 9.64 
feet per second at the prevailing temperature, Another figure relating to the 
limits of generator capacity was given as 3,100 to 9,315 cubic feet per hour 
per square foot of sectional area, the gas volumes being corrected to 60° F. 
dry at 30 inches of mercury. 


1768 ee 


es gle 


ae | | Es L.Ce THIS | 
2: i 7h ne 
An eae of operating results obtained with the > amet genorator. is as 
follows: ba glee . 


Raw me ‘mado, ‘per nour, “ars ana at, 60° F., 350° inches Hg. 
pi ieepcita es oe cit ecalesiote en mine nae eG UD IC: foot “1 —— 900. - 
FUCL. WSCA... ev eccesccccceersrcsngecsescncoeses se carbonized brow: coal... 
Size of the fuel “chiefly: Pa ae 7 197. 
(put ranging from 0.118 to 0.394 iriches) aaa ee ee 
“Gas made;per squarc foot of internal sectional arca of oe Sef ee on. 
* gcnerator, dry gas at 60° F,..30 sana Re speannecetae ‘fF6ot 10,5002.» 
Se of*the raw gas: ... . - 
Cooscen fue canes es hee econ by volume: "KY BO. OF 


OOversserseceserecsesestgeasencssesoneastecencnens B07 ne! 38. Ou 


Hp sicacins vibes osadie Vesgade cc's vs beeeeees Guedes cee se «OO. * hO. Q. , i 
CH yee cececscccccrccerccccncerecssetvemescargrenens ede | Wet tole 5 eG 
et Soe minnie ceir enema neraaiaees een euntcmere sere eo ed OF D0 
“?200.0. -. 
* calculated high heating. value ary gas,’ 60°F. and 30 inches 
AG Ssstegians «s buses dss ca tnesie velba as ea Bleue: ‘per cubic foot’ aoe 
~ Calculated high heating. value. saturated gas, 60°. F. and * 

“40. inches ae SR AORE A PRR ret a be ae ” 963, 
Specific sravity dry Pe GAs ok Gee ee 0, Oh 
Drop in pressure through: 1, meter. (39° imehes) depth of ak 

fluidized fuel in: Benerator......000s0s +... inches of water: “as. 5 

ee used (pure dry 05) pér:.,000 cubic’ feet of dry raw = fs} 
er ae ot ee ite ee mi feét a "250 oe 
Total steam used per 1,000,cubic feet of dry raw  _ -) - = : 

a rer emaeine NR ara sc <7 19 
‘Temperature in fluidized.bed of solid fuél......6.600...0 Fe. “1652 . 
Temperature in zone above fuel ede ecdoisonsa te Pe .. 2012 — 
Coal used per 1,000 cubic Peet of dry gas mide, measured ee SH 

at 60° F. and 30 inchés HEssecceseceeseeeceseeeeee e+ POUnds Me = BS 


Variation in composition of gas with variations in Steam | 
oxygen ratio and other factors: | 
ae COneccvccrcccrevnccerosccsvesvrvcsccvecesceoee sporcent 20 0.0 to 25, O 
CO ctirs'os oboe Dee vdeo Raw he ose ee Pe aeeuee wees eee dOe 5060-0. 2670 
Hoccesccreccerccvscagecceassocsevesesesesesacess sly LO. 0 to 4h, 5 
1.5 to 2.0 
0.5 to 0. 
100.0 100.0 
eal Oo used mended Peouiele to 300 cubis feat per a 000 cubic feet of 
raw gas made. ret 
Total °2 used per 1, O00 abe feet of oy aaa gas was 320 to ge cubic 
' Leet. 


CH) co aus wiaivieisiwie ces vivies dreaie os codes cela aeiess einee eo 6 dO: 


PUP RPO ae ia Be re eaescimnele patie aan melt i aiareeauNele woes 


Notes on ——, Air Tnstead of Oxygen in Mak Gas in a Winkler Generator 


. The Winkler generator was initially designed. for use with air and steam 
in m@idne producer gas:.and wag in operation for that purpose unttl rather 
recently, making power gas in Germany. When the results making -the latter gas 
are compared with those using'Qo,, the difference is at first: somewhat sur- 
prising. The calorific value of the raw producer gas is about 45 percent of 
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the value of the raw gas made using On, ‘and the volume’:made ‘per unit of..time 


using air is 40 percent of that made with O07, Thus, the thermal output. per — 
hour is re or 18 Percent of that made wae O26 In other words, the use 


of Op Pec the’  eiatput: of heat energy as: combustible gas. 5y5-fold, The 
composition of the producef’ gas*made: by blasting-with-air,- along with the 
required steam, is é6r may'be’moch the same'as ordinary producer gas, although 
there is a tendency for the CO content to'be high: arid’ the H, lew. As.in the 
instances described above, the’ reactivity of the fuel used has aaa: 
bearing on the results attainéd. ' 


tt is noteworthy that the‘ Winkler: process: is: asd witie satheracticn in 
Germany. in making gas for the’ hydrogenation of tar-and for: generating power 
gas for use in internal-combuétion ohgines. ‘Although: the: process has not yet 
been developed to the stage wherein’ all types: of" solid: fuel ean be used, it 


United States. 


“In figure 8 are shown comparatively the: costs sibs digas atieiianali for 
the Winkler and water-gas processes, The line representing costs for the 
Winkler process is based upon zas having the same calorific value.as water gas, 
namely, 300 B.t.u, per cubic: foot,’ “In this comparison no credit is: allowed 
for the blown-over fuel in making calculations of costs of materials used in 
generating ‘jinkler gas, iJith allowance for’ such’a credit, the cost line for 
the latter gas would be more favorably located in figure 8. The net amount 
of steam consumed in making’ water’ gas is’ considered to be: 50 pounds per 1,000 
cubic feet of gas, and this includes the steam for generating gas.and for 
operating air blowers wheh’ waste heat’ econonmizers: are employed, -:-iIn- certain 
sections of the country where carbonized fuel suitable for use-.in a Winkler 
gas generator conceivably’ mizht be’ obtainable at $2.50 per ton, good coke for 
generating water gas is not obtainable at present at $6 per ton, Under such 
conditions, other factors remaining the: same, there would be a. marked. saving 
in making synthesis gas in a’ Winkler instead of a water—gas gensaren mcs 
the cost of ‘onyeen is eee cents ‘per ag ied cunee eHets 


| THs SLAGGING-TYFE: ess. PRODUCER 

In times siete various engineers eaaeed in- tha? smmuracbire: of combustible 
gas :in this-county have’ expressed interest’in the: production-of gas ina slag- 
ging-type gas producer. Experimental work in this field is costly and perhaps 
this is one reason why it has been limited, Considerablé work was done on a 
large scale at .the ammonia works at Leuné, There were six-generators ef this 
type in the latter plant, one was known as a "Pintsch generator" and the others 
were built by the "I.G." and were thus designated, A sectional drawing of one 
of ‘the datter is oe in figure 9° 


In the initial stents - gasify solid fuel, - inca the ae of slag- 
ging the ash, fuels of low ash-softening temperatures were selected, and air 
Was used as the chief gas-making fluid, It was found that this: operation could 
be successful, but that it was extremely sensitive to variations’ in the ash- 
softening temperature, amount of ash in the fuel used, and the rate of making 
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es Required per |,000 cubic feet of gos made 


Water gas: 
300 B.t.u. per cubic foot 
40 pounds of coke at 13,000 B.t.u. per pound 
50 pounds of steam at 25 cents per 1,000 
Winkler gas -materials calculated for: 
300 B.t.u. -equivalent gas 
56 pounds of carbonized brown cool 
at 10,190 B.t.u. per pound 
290 cubic feet of oxygen 
No steam charged 


22 


20 


1,000 cubic feet of dry gas made, volume 
rm) 


corrected to 60°F and 30° Hg 


Winkler gas from 
oxygen at I0 
cents per 1,000 
cubic feet 


Cost of oxygen, fuel, and steam in cents per 


ive 
FCS 


2 3 4 S 6 7 8 
Fuel costs per 1,000 cubic feet of gas, dollars per ton of 2,000 pounds 
Crushed and sized fuel for Winkler gas and lump coke for woter gas 


6 


Figure 8.- Comparative costs of materials required in making ordinary 
water gas and Winkler gas with solid fuel costing § 2 
to $ 8 per ton. 
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Refractory 


lining 
Z-Gas offtake 
Water wall (jacket) 
— 7 
* and 
steam 


: Water cooled tuyere 


Refractory lining 
Slag offtake 


Figure 9.-Diagram of a slagging-type gas producer. 
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gas, temperature and moisture ccntent of the air and other variables; the 
ee of sericus taable wien On inetoatof atv tg Heed alo ; Quite satisfactory 


@ @ © 23 © #& #3 eg & &#3#£ © © @ mage 
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square feet. Experience has shown that a complete refractory ‘Lining is not 
required, although as meh built the generator was not only. completely 


eo @ © © 8s & wen ¢© © &© 8s @ @  @ € 6 @ @ © @B «© 


In the operation of the generator, a fuel-bed depth of about 11.5 feet 
was maintained. It is, of course, necessary that the composition of the ash 
be such that it will readily flow 'as a liquid at the operating temperature. 
To provide this condition, it is common practice in this particular case to 
introduce lime into the generator along with the fuel and‘also to recirculate 
some of the crushed slag previously withdrawn from the gencrator. The amounts 
Of lime and slag thus used will vary with different fuels, but in this instance 
_ the amount of lime used (introduced as calcium carbonate) was 3 percent of the © 
fuel, and the recirculated slag amounted, with some variation, to &s mch as 
- 20 percent of the.total fuel used. The ‘fuel eae charged to the gener&tor 
-was high-grade furnacs’ coke, sized’ 1-1/2 inches and larger, free of fines. 
With this fucl, the capacity of the generator was 468,500 to 502,000 cubic 
fect of. gas ner hour, measured dry at 30 inches of mercury. and 609: F.., and 
this is cquivalent to 6,140.to 6,570 cubio feet per hour per square foot of 
- sectional arca at the tuyeres. Thus, one gonerator of 9.87 feet internal 
diamcter (at tuyeres) has a daily capacity of 11,244,000 to 12,048,000 cubic 
feet soak A representative ie a of ‘the generator gas is as oon 


: “Composition of producer gan Teem cole 
“COD ea sikisie how tsev cuss oeeaeewasaens pCreeny Dy eataneed 555 
COs gigs card 6: Bacd wie ve aig eae Wile GOS ea Rows awee ewe? 68.0 
¢) 


or 28. 


a ae eee Poe see seveccccereceseeresdOe + 0.5: - 


Specific ee en ae ee ne ve ee ee eee 
‘Calculatcd high heating valuc: dry gas at 60° F. and 30 

INChGS Hess seweseccviessieves sesveBe teu, per-cubic foot... 311 
Calculated high hvating value: saturated gas at 60°9.F. ae 

4. OMe: 50: Inches: Hiss 6icssss owias ou 506 6e0 eh eoaekeredo. *" 506:: 


In producing this gas, the ignited bed of: coke confined in-the' generator 
is blasted with a mixture of steam and 05 in proportions adapted to provide a 
temperature of 1, 700° ©. in the fucl bea adjaccnt the tuyeres.’ Using’ furnace 
coke as fuel, “the proportions of eteom cadi0. employee aro: - - . 


Ogeeaseeceeicesetsecsssersss ots sDoroont by. volume 35 to ho 
St eam. @eeeovsegeeeveesecee ° @oeec0ee? é ‘eo eeeoenve0v8806e0 ° ‘eo 2 @eeoeeos, do. o 65 to 60 60 
.* Brg eG ox 7 . ae 100: 


The. materials used per 1,000 cubic feet of gas. made, asaoured dry at 60° 
F., and 50 inches of mercury, were: 
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Oxy GON ncaa cass e vos oo wa wae seme cettnaneuble: feet 250 
; UCM wheoay sehen sees aoe mesa eesasinddresaeeeeeubie Peet 470 
- COkG casa cou oms re teseue ccsmeesenash sos conenoed v2 pOUnde 26.7 
Actual carbon combined as CO and COp in 1,000 cubic 4 
 " feet of thé GAB. gas 0e sks ae dae eo Sen nang pounds 22.72 
0, in the gas, calculated from the ‘analysis per 1,000 
Cubic feét of BEB cscs ebecccecvecevesecdeseCUbic feet 2h8 
(Coke used was furnace grade, larger than 1-1/2 inches) . 
Interval between slag draw-off periods..........minutes 20 
Tempera ie: of Bee Be Benera tor. OF OER Ore ee eGe aise C... 400 


. The gaa hie aes wast oud: 0 Se. ies: satisfactory: ; ag fuel and ‘power . 
gas, but the belief was expressed. thet it. was -easential for. vest results to 
use high-grade coke ‘over l- 1/2: inches in:size, free of fines. It was reported 
that the use of the water jacket:.: as initially planned was. not necessary; the 
preferred method of cooling of “the generator well. was to Prey water against 
the unites of the inner. ieee. a a ae a 

eee are. ‘ Picte ae - 
ae “In one seecrtns tal “PUM y: eee dioxide v was bed Anetead. of steam, along 
with the Oo supplied: to ‘the. generator; ag a. temperature-controlling medium, 
This operation was successful, and the resulting gas contained 94 percent of 
carbon monoxide.:. Approximately ‘the same amount. of. Qo. ‘ig required per 1,000 
cubic fect of this gae 6s when mking ges. from steam-oxyg2n. mixtures. On this 
basis, it follows that out. of- every .1,000 cubic feet of gas made, about 500 
feet of carbon monoxide comes ifrom reaction .of Op with carbon, and about 400 
. cubic feet of it comes from the reaction of. garbon : dioxide with carbon. 
Accordingly, the matcrials required per 1,000 cubic feet of this gas are approx- 
{mately 250 cubic fect of Oo, 260 :cubic.. feet. of COo,-,and about the same amount 
of coke as above (26.7 paunds}, varying ,gomewhat with the inlet temperatures cf 
the CO, and cece Shs. Aeeatatauenaeaensteae 


a a ee ee a 


@ 4% + @ ® 


Bere ea it as a liquid, the (Gar bon-neeif ication ee is high. All 
of the carbon of .the fuel uscd appears .in the 828, Which gas contains only a 
smll amount of C0, or heed ds epoca Eb. ig noteworthy that although the 
gas is designated 
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One interesting :experiment was performed with satisfactory results that 
appreciably increased ‘the production. of, -hydrogen at the Ammoniawerke at Leuna. 
The water-gas generatcrs. used for making ‘gas fer the synthesis of ammonia were 
modificd Pintsch generators with. automatic grates;. ‘their combined capacity Was 
too small to Barty the: demands for om The capacity was increased ‘by 


e = © © es ew 6 oe es Bw hhh el whl hl hl ll lc hl ll hl el tl hl hl ll 


ee 4 8 8 GO 8 ee Be mee elle lel 


greater rate ‘for the purpose of een the fuel hea loose and open,” so that 
the amounts of stcam and air used are appreciably greater than when the grate 
is in normal operation. The triple:effects of these changes.were: | 
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Required per 1,000 cubic feet of gas made 
Water gas: 
300 B.t.u. per cubic foot 
40 pounds of coke at 13,000 B.t.u. per pound 


50 pounds of steam at 25 cents per 1,000 pounds 
Slagging-type producer gas: 
322 B.t.u. per cubic foot 1" 
27 pounds of coke (strong coke |I4 or larger) 
24 pounds of steam at 25 cents A 


per 1,000 pounds 
250 cubic feet of oxygen 


to 60°F. and 30"Hg 


Producer gas with 
at 20 cents per 1,00 
cubic feet 


i, 


Producer gas with oxygen 
lO cents per 
1.000 cubic feet 


of dry gas made, volume corrected 


Cost of gas-making materials, oxygen, fuel and steam, in cents per 1,000 cubic 
feet 


Cost of coke, dollars per ton of 2,000 pounds 


Figure !0.—Comparitive costs of materials required in making ordinary 
water gas and slagging-type producer gos. 
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(a) “Inereseed proauctiton of” water gas, ; & 


eee ee ® 


~~ 


| (>) * Increased Be +6: oe ratio th ‘the gas mde, and 


- (c)', Tnereesed | amourit of ‘erton in the aahs 

The ash compriged to! a- Saad: ‘extent. pieces. ‘of oodles Senented: into agglomerates 
with mineral matter that had been partly Fused... The actual combustible matter 
-'{éarbon):. in tho agglomerates was’ 50 to, ‘55 percent... . The: latter were not dis- 
carded but ‘were. washed to remove’ fines. and dust and were: then vised as charging 

‘gtock to the slagging gas: producers. With this. fuel it was not necessary to 

-( introduce, additional (recirculated) slag, although at timds it Was ‘nécegsary 
“to add some lime to the charge. ‘The gas made .in the producer, when operated 
‘in’ this manner » was equally as satisfactory as that made from fresh coke; how- 
ever, ‘the rate, ‘of make, or gas-making capacity, was lowered to 340,000 cubic 
feet per hour, a decrease of 28. <a to 33 Percent from maximum i aes with 
lump coke. ean | 

Mes a i ee “Re harke 

oe The valua of this. spoceds of making gas anise sondatiena ti the United 
States depends on a number of factors, including tne cost: of On. _ The high 
gas-miking capacity relative to that obtained in other processes mking the 
same kind of gas favors the: slagging-type process... iThe fact that the opera- 
‘tion is -.continuous also favors the latter.. Against: these advantages mst be 
“weighed the cost of the required: Oo» cost of recirculating slag, and differ- 
‘ence in the cost of generator’ fuel above that,., of genérator fuel used in other 
processes. The progress made thus far ‘in Germany indicates that screened fuel 
having a minimum size of 1-1/2 inches is required. The gasification efficiency 
is high, as indicated by the gas ears and ue fuel ‘consumption PSE 1,000 
cubic een of gas. vena = oo 

. Even = though operating Wesee were not obtained, with ref erence to the. pro- 
. duction of gas in the slagging-type producer, the data obtained indicate the 
usefulness and’ limitations of the latter’ producer in- malcing ° ‘synthesis Zas.-. 

. Figure 10 shows the effect of changes’ in. the costs of oxygen and coke upon the 
total cost of gas-mking materials per 1,000 cubic feet of gas made; {t also 

. dnéicates comparatively ‘the changes in the cost ‘of materials used in making. 
water gag with variatiqns in the cost of generator fuel.” Om the basis of a 
theée costs (gas-making materials only), the uge of oxygen'at a net coat of. 
20 cents per 1. ,000 cubic feet, . making the producer gas as described, is not 
economical,’ compared with the) ordinary water-gas. process,: until the cost of 
coke’ reaches $7. 50 or more per ton. However, with. a net cost of oxygen at 10 
cents per ‘1 000 ‘cubic. feet,: the cost of “gas-making materials-is substantially 
the same: for both gases (producer And water gas) when coke costs $3.20 per ton. 
Thus, the economy in making the producer gas with oxygen is greater, as the 
net cost of oxygen decreases and the cost of coke increases. Accurate total 
or operating costs of making producer gas with oxygen are not available to the 
author, but it seems reasonable to assume that the benefits derived from high 
gas-making capacities are not entirely neutralized by other costs charactcr- 
istic of this process; hence, with the prevailing cost of coke, it may be 
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advantageous to make gas ina slagging-type producer with oxygen instead of 


by the standard water-<gas process when the net cost of oxygen decreases to 10 
cents or less per 1,000 cubic feet, 


The foregoing comparison was made on the basis of the production of a 
ywnit volume of gas without consideration of Gifferences in composition of the 
_ gases” “made’ or their relative usefulnoss.in producing synthesis. gas or hydro- 
gen, ‘The Ho. to CQ volumetric. ‘ratio in water gas usually is 1,25, whereas in 
__ the producer gas this ratio ‘is. OQ. Al. . Accordingly the extra cost. of conversion 
) ta the. desired gas must be considered ‘before any. advantage in the production of 
gas ‘by the. use af oxygen in ‘a slagging-type producer can be proclaimed, When 
hydrogen is ‘the end product sought it will be necessary to-treat all of the 
latter, gas. whereby the 68 pencent of carbon monoxide normally present therein 
is converted. by the "shift reaction", to.an equivalent amount, of, hydrogen. 

This reaction (CO + Hp0 =.COg +.Hz) is conducted at 400° to 450° C. in the. 
presence of.an iron-oxide catalyst and requires an excessive amount of steam, 
If, on the other hand, the gas sought is synthesis gas having a ratio H2 to 
CO. equal to 2, only a portion of the producer gas need be treated in this man- 
ner, namely, about 60 percent when allowdnce is made for incompleteness of the 
reaction with such a high initial. carbon monexide content,: In each case the 
carbon dioxide formed is scrubbed. out of the cat a gas. 2 


4 cy 


i: Cost of on. 


of récent ‘years the: subject Neost of producing oxygen" has been of in- :: 
creasing interest to gas engincers because the natural belief exists that the 
cost will progressively. decrease. with time, which. is usual for other products 
of ‘manufacture when demand warrants. their. use, The cast of making O> has - 
already decreased’ over the past 10.years, and there is little dqubt that: it. 
will be produced in the future at a lower cost, Using high-priced fuels, ‘the 
cost of O05 may be vitally important, but in gasifying low-cost fuels a greater 
charge for the required Op, may, not be prohibitive. In other words, when one 
can substitute , a low-cost fuel ‘for an. ,expensive one in making gas, the cost 
of using O2 With the former may be more than ) effect by the savings in the cost 
of _ | 


The, cost ‘af Co as made in a tages plant in Germany eeteean in conjunction 
with another plant. that consumes 02, as given to the author by the head of a 
large construction company interested in erecting oxygen ‘plants, is 2,3 to 2,5 
Pf, per normal cubic meter, which.is equivalent to 24,7 to 26.9 cents per 
thousand cubic feet of dry Q9 measured at 60° F., and 30. inches mercury pres- 
sure; this equivalence. is based upon ane: Mark being equalt.to 40 cents. Elec- 
dg power cost was 0, 6—. to 0.7-cent per kw.-hr., On this basis, and taking 18 

kw.-hr, as the power consumption per 1,000 cubic feet of Oo produced, the cost 
‘of the electric current required was equivalent to 10,8 to 12,6 cents Za 1,000 
cubic feet of 02, Obviously, tne cost of Og would be reduced by about 3,6 
cents. per. 1,000 cubic feet. -if the: cost of power were reduced to 0.4 cent per-. 
kW, —hr. ‘making. the over-all cost:21.1 cents, To verify this cost estimate, 
data were obtained from.a. large chemical plant operating a large: Linde-Frankl 
Oy plant as a part of the whole works, In this.case:the cost of 0,.was said 
to be 1 Pf, per normal cubic meter (19,3 cents per 1,000 cubic fee) when 
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Cost of the oxygen used per 1000 cubic feet of gas made, cents 


Price of oxygen, cents per 1,000 cubic feet 


Figure Il—Cost of the oxygen used in making gas, with variously 
priced oxygen, using 100 to 300 cubic feet of it per 
1000 cubic feet of gas made. 


Google 


I.C. 7415 


electric power cost was 0.4 cent per kw.-hr. Although this is a reasonably 
accurate estimate, it was stated by an operator at the chemical plant want the 
cost of 0 could be eivaced As follows: . ; | 


Percent of 
total cost 


Electric power. #eeesveeseenueeeeenseeeeeee'oneseeeeseee ; eoeeoeeeoeese 
Amortization. eeoeceveeseveneoeneeeevneoeeoeaeoeeneeonesreeveeeeeeeaesesne a ib 50 
_ Other Poeees @eeeeaeeeeee @ ow @eeveeevseeeenvneeveoseoevenseveeseveevHvneeeaeee : 


If this “break up" of cost is correct, and Op costs: 19. 3 cents per 1,;000 cubic 
feet, the cost of power would be 60 x 19.3, or 11.58 cents, and the amount of 
100 

power used accordingly would be 11.58 = 0.4 = 28.95 kw.-hr. per 1,000 cubic 
feet of Op produced. This is at variance with the above estimate. Other 
checks on the cost of Op lead to the conclusion that whereas the cost in pre- 
vious years in Germany was stated to have been 4 to 5 Pf. per normal cubic - 
meter oe to 53.6 cents per 1,000 cubic feet), improvements made in the proc- 


eueee 


prospects are that Hie cost will be lowered further when application is made 
to industry in the United States. | 


In all gas-maling processes aa which Op Is substituted for air 4s 4 gas- 
generating fluid, the cost of the 05 consumed mist.at least. be equaled by 
economics that mi ght be made by virtue of such substitution. In other words, 
the cost of the fuel used, labor, or other items contributing to the total 
cost of gas mst decrease when air is replaced by-Os. Figure 11 indicates 
what this economy must be; the figure shows the cost of Oo per 1,000 cubic feet 
of gas made for variously priced On and for varying Oo requirements. The 
higher the cost per 1,000 cubic fect of 05 the greater must be the cconomics 
neutralizing this cost. 


SUMMARY AND CONCLUSIONS 


1. Three gas-making processes have been discussed, .each of which employs 
free oxygen as a gas-making fluid; they differ from those in common use in this 


country. 


2. Two of these, the Winkler and the Lurgi pressure gasification process, 
are unique, in that they use genorator fuel in.a.finely.divided state. They 
apparently have been devcloped as a means of gasifying certain solid fucls 
readily available in parts of Germany where other gas-making fuels were scarce. 
The conditions for gasification have beon discussed...The use.of, oxygen in 
these two processes has made practicable the gesification of sclid fucl that 
cannot be utilizcd in ordinary gas generators. It is belicved that the Winkler 
proccss &s8 now developed and the Lurgi process with some improvoment or in a 
modified form may be used effectively under certain conditions and with partic- 
ular fuels in this country; this is especially truc when the costs.of fuel and 
oxygen’ are very low. 2 a een 
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- “3, The other procéss referred to above employs the slagging-type gas- 
producer principles. The gas thus made ‘differs from ordinary producer gas; 
its calorific value is higher, and its composition fis different from that of 
the latter gas. Mixtures of oxygen and steam are used as gas-making fluids, 
and they are so proportioned that a temperature suitable for slagzing the ash 
is maintained in the fuel bed. Slag is withdrawn at intervals of 20 minutes. 
Normally the fuel used. was furnace. coke freed from fines and sized by screen- 
ing 1-1/2 inch and larger, -Lime.was added to-the fuel: charged, and required 
amounts of slag were-recirculated. (the cooled, crushed: siag' was recirculated). 
In @ particular case, the lime used amounted to 3 percent of the fuel charged, 
whereas the amount of slag pecs culate wes about 20 percent of he: total fuel 
ad as 


4, Some operating data relative to the three processes are presented and 
discussed ; uhey are summarized in table 4 for the purpose of comparison, ag 
follows: 


TABLE h. -- Operating data for Winkler, pial and 


sl -type gas phere tors 


‘continuous }(20 Seee hee producer-_ 


. wator-gas Piet ni seo gas 
roccss oces Yrocess _ 
Carbonized | Pettis dried 


Fuel Beery ces re aman reneerseeTs } 

| brown coal ~ 
| 
t 


! brown ‘coa 
(22% water) ‘Furnace coke 


= 
Size of fuel cr Serene ee 9 12 to 0. ho 0.12 to 0.40 i 1- -1/2 and 


, | larger 
Fuel uged: in. generator, pounds: ; | 
Per -M. cu. ft.b/ of raw gas...... | Th ae) 67.8 |. 26.7 
Per M. cu. ft. b/ of gas, free of } 3 
HsS and Cpe yassceeceseceecceeee 62.15 = j- 102.0 | 27.7 
Per 300,000 °/ B.t.u. in the gas. 59.36 | 69.6 25,8 
Per M. cu. ftrd/ of purified gas ; ; 
(9519005) bie eeiewstotanedeseee. _ | 93.6 | - 
Oxygen supplied to the Bonet | 
cu.ft.:: | os ne | 
Per M.. cu. Pe.d/ of raw peena cian | eh5- ". . 106.6 | 250 
Per M. cu. ft. / of CO,-free and | ' : 
HoS-free Zag.eceecceccceceveveee | 3el | 160.8 | 259 
Per 300,0008/ B,t.u. in the gas.. {307 100.7 | 2h} 
Per-M. cu. et. b/ of purified gas : 
(919% C0p) sacinseanciwesooasanes | a ees, | . 
Steam supplied to the generator, | 
pounds: | | | | 
Per M. cu. et. 0/ Of YAW BAS...ee. 29.1 63.2 22k 
co oe a - ‘'@ | : | a |( 470 cu.ft.) 
Per -M. cu. rt.d/ of gas free of . Ys | | 
HoS and COnscecvcscccccccccecses | 39.59/ | 99.3 : 23-2 
Per 300,000¢/ B.t.u. in the gas.: | 37.7 | 59.7 | 21.6 
Per M. cu. ft.b/ of purified gas | 
CEel eco) Aer ern nee eae - ' 87.2 a 
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TABLE 4. - Operating data for Winkler, Lurgi, and slagging- 
type acs generators-Continued 


“Winkler . Lurgi 'Slagging" 
“bontimous “(b0 ae herent | , producer- 
| water-gas | 


Sot a gas 


Gas made per square foot of generator | 
area (horizontal cross section) per” a a ae 


Calorific value of dry gas, B.t.u. 
per cubic foot? oot e ee er ewe ceseeee 
Composition of purified gas, percent: 
COnrccesccvcene er ore 


TV uminen ei. ib ae eb eaees os Me eee oe 


CO sca oris Ged Gieee es eee eee ine 6 ee ee es ae i eae 


hour, cu. ft.: _—_ a a en oe 
Raw gash sO dnene ca cepasentaeisnaas PO; 34500. . 7 2,990, 6,350¢/ 
Gas free of HoS and CO eoupacieen (eg ,o50: 2 aa 5p0 ‘1 6,230 
Therms (100,000 B.t. nena 2h, 96 Pe Oe | OS 19.74 © 
Purified gas (9.1% C00 sienececie eee GI bo: a 
Composition of raw gas, percents 200 Pa 
HoS.cesscccscscccccccescvscsecsscee 12 0:1 *.' 1.6 = = 
COS! carnieseeseeaeaoteeieecimaonel “eos. — 52.1 3.5. 
TILUMINANtS.ccrccccccecccccccscesres @ | (O07 .- oe 
COL ed eutGcwscewiebwrseeeiwectesesee “2901ss.,5- 12.1 ' - 68.0 
Onreetreersrrsseesc eesti ed eae eeewer Oso 0,2 : 0.0 
ee ee ee 37.5 28.0 
CTiesiderceaeaicaaeae ote. eee. Oe 145, 0.0 
Noe cesccecececacescecssetegensceees 16 cae oie 7 
; we Se bh asst5 a 100.0 100.0 
epocigicmavitg of om BASvisasces ot Se - 0.753 . 0.735 


Oneserdsvecscreccvevcnseacencenncoe: 


? 
SO 


specific gravity of purified dry gas..: 
Calorific value of dry purified gas, - 
B.t.u. per cubic Footl/..... cece eee’ 
a/ The figures in this colum are based upon actual operating results over & 
period cf one month in. early 1945. It was stated that the amounts of 
steam and solid fuel used were excessive during this perica because of 
interruptions due to the war. Other reported’ results indicate that the 
fuel and steam used might be 75 to 85 pounds of 7,500 to 8,000 B.t.u. 
coal and about &0 pouaes: of tetal steam per 1,000 cubic feet of oes 
g&s made. 
b/ Measured at 60° F.: ana 30 inches Hg: 
c¢/ This unit of comparison is chosen because 300,000 B.t.u. re spResenE SA the 
heat of combustion of i, 000 cubie feet of water gas measured at 60° F. and 
30 inches Hg. 
a/ The amount of sheen weed will vary with the rank and reactivity of the fuel 
* used; at the Leuna plant an appreciably smaller amount of steam was uscd. 
cf The internal diametor of the gcencrator at the tuyeres was 9.8 fect. 
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5. In the Winkler ‘and care! processes, the reactivity of the fuel enm- 
ployed is an important factor. These processes are adapted for use tn Basie - 
fying fuels at temperatures below their ash-softening points, and therefore 
a highly reactive a is Generce: a in some cases may be essential. 


6. In the Lurgi process the isthans ‘content of the gas incrbases with | 
pressure} at 20 atmospheres pressure and with a reactive fuel, operating at 
1,000° C. in the hot zone, the methane contont of the gas is substantially ag 
shown in table 4. Other factors remaining the same, the use of appreciably 
higher temperatures causes 4 reduotion of the methane content: The methane 
produccd in this process is formed at temperatures below that prevailing in 
the hot zone and in the upper portion of the fuel bed. The temperature in the 
hot zone ie kept below the ash-déoftening temperature. Temperatures favorable. 
to the formation of methane have been discussed. ; . 


APPENDIX 


Manufacture = City Gas in Conjunction With the Production of Synthetic 
Plant Under Construction at Leipzig. — 


rr ary 


At Leipzig, Germany, city gas was manufactured _by standard procedures, and 
both coke-oven gas and water gae were produced. However, during the late’ stage 
of World War II, plans.were made for producing gome synthetic liquid fuel and 
wax at Leipzig in conjunction with the manufacture of city gas, and the equip- 
ment for accomplishing this was about 13 percent. constructed by April 1945. 


The plan was to pass & portion of each of the gases (water gas and oven 
gas) through Fischer-Tropsch converters, wherein CO and H, would react’ cata- 
lytically to form hydrocarbons, remove the ligiid hydrocarbons thus formed, 
and blend the residue gas from the converters with the remainder of thé’ mnn- 
factured gas for city distribution. Although this plant was not’ ih operation 
at the.time of the author's visit, the results that were anticipated,’ based 
upon experiente in the operation of. such converters’ elsewhere’ in’ Germany, are 
indicated in table 5. ~ = | 


An anélysis of the data shown in table 3) indicates that l, 000 cubic feet 
of synthesis gas (column 3) would produce 500 cubic feet of residue gas (colum 
4}, which later would have a calorific value of substantially 450 B.t.u. per 
cubic foot, which is an increase of 35.6 percent. In forming this residue, 
gas hydrocarbons and water also are formed, which do not appear in the gas 
analysis. Calculations show that for each 1,000. cubic feet of synthesis gas 
converted.as chown in table 5, 4.50 pounds of carbon and 1.63 pounds of hydro- 
gen are removed from the system (from the gas) and presumably form hydrocar- 
bons and water by the Fischer-Tropsch reactions. From these figures, it can 
be approximated that the amount of motor fuel and some higher molecular-weight 
hydrocarbons formed would be about 4. 85 pounds. per 1,000 cubic feet of synthe- 
sis gas treated, Thus, @ gas plant producing 14 , 69h, 000. cubic feet of combined 
water gas and oven gas (as in colums 1 and 2) per day, with a calorific value 
of 387 B.t.u.- per cubic foot, would yield, according to table 5, 10,602,000 
cubic feet of city gas having a calorific value of substantially 126 B. t. u. per 
cubic foot and hydrocarbon byproducts (chiefly motor fuel and wax) amounting to 
about 39,700 pounds per day. 
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Water- gas Ordinary Ordinary Coke-oven 
plant purifying purifying plant 
plant plant 
431,200 /vixeg \ 2,752,800] Light- oil 
gas plant 


Active carbon 
purifiers 


Iron catalyst 
chambers for 
fine purification 


iron oxide and 
sodium carbonate 
at 250° to 300°C. 


3,124,800 cubic feet 
3,385,200 cubic feet 


Fischer-Tropsch 
reactors 


Coolers and 
condensers 


Condensed 


hydrocarbons 
Active carbon 
absorbers for 
light hydro- 
carbons 
Gaseous 
hydrocarbons 
gas 
City gas 


Figure !2- Diagram of the flow of gases through the conversion 
and gas-treating units of a Fischer-Tropsch plant 
making city gas. 
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TABLE 5. - Data relating tothe production of cit s and liquid fuel - 
from oven gas and. water, gas in Fischer-Tro ch converters 


. _ aoe ee ae Mixed oa ar 
} t, "hte ‘converters :f a 
Oven aa. g Water eg (heels as). Residue 
Oven 7 RS HSE PEER scfm ©. 2,192,000 = ; 1 3,305,200 
Water g8s...ecece2 | RU ss, ty 1 ODs afar 200 es a paren 


Residue BASeoceeee | 
Volumes, cu.ft. 
per ol ee 
Composition of the ~ 
gases; i 
COA Gaweeewsursse, 4 
Tiluminants.... | 
Ore ieee. 
GO cise cane.” 
Bou peta a aces 
CH isiiheccies oe 
No tieeasetie tec 


Specific gravity... | 
Calorific value, | opt 
B.t.u. per cu.ft. =. °° J rn ae a | | 
(dry gas).ecceeee § 5G te AOR 5687 -  hho.g 1 25,8 
B.t.u. per cu.ft. j° °° 9-4. oo te : 
sat. at 60° F. 


It appears that in the combined operations described, not only would the 
daily output of gas in cubic feet be less than the total water gas and oven 
gas made, but, also, the heating: value of the total city gas produced would be 
approximately 79.6 percent of that of the latter gases. In other words, in 
order to produce enriched gas.and liquid hydrocarbons on @ basis indicated by 
the data presented in table 5, it would be necessary, for the daily production 
of a unit number of thérms in the city gas, to increase the gas-generating 
capacity appreciably above that required in making a similar city gas by mixing 
water gas and oven gés.: The cost-of this additional gas-making equipment plus 
_ that of the Fischer-Tropsch converters will occagion an increase in the cost 
per therm of city gas. The process can be economical when the increased costs 
are more than compensated by the value of the wax and the liquid and gaseous 
hydrocarbons produced. : It would be most economical to employ this combination 
process when the cost of mixed water gas and oven gas is low and the prices of 
motor fuel, wax, and gas enricher arc high. | 


Description of . plant, and proposed, operating procedure 


Figure 12 shows the flow of gaces ‘through the conversion and gas-treating 
units of 2 Fisoher-Tropsch plant, used. in making city gas. The quantities of 
.raw materials to be used and:the conversions expected are those shown in table 
5. A water-gas plant eupplice water gas, and coke ovens supply the oven gas. 
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‘The. mixed ee in the Guacttetea Andipat sa: ‘tg to-be compressed to somewhat 
more than three atmospheres pressure ‘and’ theh passed through activated carbon 
_for removal of remaining traces of HpS arid gu-fortting compounds and other 
impurities. For this purpose, 11%;000 pounds’ of activated carbon will be used, 
distributed equally in three purifiers, which latter are steel vesscls 7 feet 
inj diameter and a little more than 10 feet high. These units are not to be 
operated in series; when one of them is in use treating the ‘gas, one will be 
subjected to a steaming operation for revivification of the carbon, and the 
other will be under treatment for cooling the carbon. In this manner the 
operation will be conducted in 40-minuté cycles; that 1s, each purifier will 
be used for treating gas 40 minutes, steamed 40 minutes, and cooled for a like 
period. Actually only one-third’ of the 11'000' potrids of carbon will Re treat- 
ing gas at any one time. The optimm temperature of the carbon while "on o 
stream” (treating gas) is said to be 75° to so F., whereas the maximum allow- 
able temperature during reactivation is 335° to 355° F., the desired tempera- 
ture being 300° to 320° F., The cooling operation will be accomplished by 
circulating water-cooled residual gas through the steamed carbon bed, — 


; Computations from the. foregoing show that the total carbon’ to be used in 
the purifying boxes amounts to 1,344 pounds per million cubic feet of” as to 


' be treated daily. Furthermore; since only one-of: three: chambers’ will be “on 


stream" at any one time, all of the 8,184,000 cubic feet of mixed gas (synthe- 
sis gas) will pass daily through a purifier 7 feet in diameter; that is 
equivalent to & mean linear gas velocity of 0.69 foot per second at 80° F. 
and: 39.5 pounds: gage pressure, without allowing for. space occupied by the car- 
bon. The true linear velocity will approximate 1.65 feet per second. The > 
carbon has a bulk density of 21.8 to 23.7 pounds per cubic foot and is made 
from brown coal. The pressure of ‘the’gas passing through the carbon bed, it 
is said, will decrease about Ae Eg ea this pressure drop scems to be too 
high for the bed depth. 


As shown in figure 12. the gas from the activated-carbon purificrs will 
pees through iron-oxide catalysts for final purification. It appears that the 
carbon does not remove all of the organic sulfur from the gas and that, in 
order to prevent rapid deterioration of the catalyst to be uscd in the conver- 
ters, additional purification is necessary. For this purpose, a catalyst com- 
prising iron oxide and sodium carbonate, confined in six steel purifiers, will 
be used.. These purifiers are cylindrical,. approximately. 8 feet in diamcter 
and 8 feet high, and cach one has a capacity for confining 353 cubic fcet of 
the iron catalyst. The gas supply to these purifiers, will be divided into- 
two streams, so that the gas will not pass serially through all six of the 
‘boxes. Any box in the system can be shut off for replacement of the catalyst 
without interrupting operations. Means are provided whereby the gas will be 
so prcheated before entering the purifiers that a “working temperature” in 
the catalyst mass will be. 480° to 570° F. Under these conditions organic 
sulfur is converted to hydrogen sulfide,:- which, in turn, is oxidized and forms 
sodium sulfate by reaction with the sodium carbonate initially present in the 
catalyst. A small amount of Oo mst be present in the gas for the latter 
reactions to occur; it is to be added in amounts necessary when not already 
present. The loss in pressure occasioned by the resistance of the catalyst to 
passage of gas in traversing this purification system will be approximately 
9.67 pounds. The catalyst used is granular, 
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After the latter purification, frequently designated "fine purification," 
the gas is to be passed directly to the Fischcr-Tropsch converters (roactors) 
for the synthesis of hydrocarbons. These rvactors, of which there are 12, are 
of tho standard variety used in Gormany and are 16 fot long, 9 fect high, and 
6 feet wide. Each reactor hés.a capacity, for confining 353 cubic feet of 
catalyst. .It was the. declarcd intention to use the “cobalt catalyst" having 

a@ donsity.of about 22 pounds per cubic foct. The reactors wore to be inter- 
nally watcr-cooled by tubes imbeddcd in tho catalyst mass. The 12 reactors 
were arranged in groups of 3, each group having @ common overhead steam 
accumulator. The connections for the supply of synthcsis gas were such that 
the g@s would flow through cach of the reactors in parallel, not in scrics. 
Thc water tuocs were so connected in the system that the watcr condonsate from 
the gas works would flow into the lowor tubcs, and then, by virtue of heat of 
reaction cvolved in tho catalyst bed, it would flow upward caenee the upper 
tubcs to the ovcrhead accumulator. 


In operation of the reactors, the purificd gas was to be supplied at 
about 23.2 pounds gage pressurc, and thc tcmperature in the catalyst miss was 
to bc maintained at 365~ to 392° F F. Temperature in the catalyst bed is con- 
trolled by rcgulating the prcessuro in the accumulator and cooling system; gagc 
pressurcs corrosponding to 365° and 592° F. are approximatcly 149 and 211 
pounds por squaro inch. The gases, upon reaction in tho catalyst bcd, are 
cxpectcd to yiold approximately 550 tons of readily condcnseble hydrocarbon 
products per month, divided as follows: Ono-third benzine (light 011), ono- 
third medium oil, and ono-third wax. The anticipated yield was also reported 
as 100 grams of condensable products boiling at a higher temperature than the 
C), hydrocarbons per normal cubic meter of gas; this is equivalent to 5.92 
pounds per 1,000 cubic feet of dry gas measured at 60° F. and 30 inches Hg. 
pressure. On this basis, the daily yield at rated capacity, as indicated in 
table 5, would be 8,184 x 5.92, or 48,449 pounds, equivalent to 24.2245 x 30, 
or 726.7 tons ver month. The latter figure is higher than that given above 
(550 tons per month), indicating operaticns would not be continuously at 
capacity; but it is also higher than the yield computed by the author and given 
in the foregoing at approximately 4.85 pounds of total hydrocarbons removed 
from the syste. per 1,000 cubic feet of synthesis gas, which amounts to approx- 
imately 39,692 pounds per day or 595.38 tons per month. It appears reasonable 
to expect @ yield of hydrocarbons having more than } carbon atems per molecule 
amounting to about 550 tons per month with continuous operation of the plant. 


The drop in pressure in the gas stream, between inlet and outlet of the 
reactors, will be about 9.67 pounds per square inch. 


Aftcr the reactions have occurred in the reactors, the hot exit gases will 
pass into a common header, which leads to a cooling and water-scrubbing systcm 
adapted to cocl the stream containing the reaction products by direct contact 
with water. The scrubbing system comprises 2 pacied towers 30 feet high and 
about 4 feet in diametcr, each confining 6 separate beds of Raschig rings 
2-1/2 feet thick spaced 18 inches apart. The drop in pressure of the gas 
stream whon it passes through the scrubbers will be about 0.97 pound. Separa- 
tors are so arranged with refercnce to the scrubbers that the mejor portion of 
the readily condens&dle hydrocarbons will separate from the gas and be col- 
lected therc. 
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The ‘cooled. gas stream will fen be eupaecten to treatment with activated 
carbon (absorbent carbon), somewhat as described for purification, for removal 
and recovery chiefly.of ethane, ethylene, propane, propylene, butanes, butyl- 
ene, and pentanes, The residue. gps, stripped ‘of these hydrocarbons, will then 
be mixed vee the excess water - ees and oven ga@6 as shown in figure 12. 
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